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CHEMISTRY. 


t 

UNDER  the  appellation  of  natural 
knowledge,  taken  in  the  moft  ex- 
tenfive  fignification  of  the  phrafe, 
is  comprehended,  whatfoever  knowledge 
we  have  acquired  of  the  nature  of  bodies, 
whether  by  obfervation  or  experiment. 
This  branch  of  fcience,  in  its  progrefs  to- 
wards perfection,  may  be  confidered  as 
palling  through  three  fucceflive  ftages  $ 
dividing  itfelf,  as  it  were,  into  fo  many 
different  fciences,  which  are  commonly 
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fpoken  of  as  diftindt,  although  the  limits 
of  them  are,  in  certain  cafes,  very  ambi- 
guous and  difficult  to  afcertain. 

II. 

The  firft  of  thefe  is  called  natural  his- 
tory :  the  bufinefs  of  which  is,  by  an  at- 
tentive fcrutiny,  to  enquire  into  the  fu- 
pcrficial  appearances  exhibited  by  natural 
bodies,  efpecially  their  external  form ;  to 
find  out  in  them,  as  often  as  it  can  be  done, 

tain  characteriftic  marks,  by  which  any 
one  of  them  may,  at  all  times,  be  diftin- 
guifhed  from  every  other.  The  notice 
therefore  which  a  natural  hiftorian,  or  na- 
turalift  as  he  is  called,  takes  of  a  plant, 
for  example,  is  of  this  fort :  he  obferves 
[by  the  help  of  characleriftics  previoufly 
afcertained]  what  genus,  fpecies,  and  va- 
riety it  belongs  to.  He  obferves,  whether 
it  is  found  moft  commonly  growing  in 
an  open  fpot  expofed  to  the  fun,  or  in  the 
made  ;  at  what  feafon  it  flowers  ;  whether 
it  turns  itfelf  or  not  to  the  fun  ;  whether 

the 
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the  flower  opens  itfelf  or  not  at  a  certain 
hour  of  the  day,  6cc.  &c. 

III. 

Natural  philosophy  [or  mechanical 
philofophy,  as  it  might  be  called  in  contra- 
diftinction  to  chemiftry]  penetrates  farther 
into  the  interior  nature  and  efTence  of 
bodies ;  calls  in  the  affiftance  of  experi- 
ment, for  the  purpofe  of  inveftigating  their 
general  properties,  and  afcertaining  the 
laws,  or  general  rules,  according  to  which 
they  operate.  For  which  purpofe  the  na- 
tural philofopher,  not  content  with  obferv- 
ing  the  appearances  they  exhibit  when  left 
to  themfelves,  interrogates  nature  ftill 
more  clofely  j  and  exercifes  his  invention,  by 
putting  them  into  a  variety  of  new  and  ar- 
tificial fituations.  Let  us  obferve  (ftill 
purfuing  the  fame  example)  in  what  light 
a  man,  who  cultivates  this  branch  of  fci- 
ence,  confiders  a  plant :  he  inveftigates 
the  quantity  of  its  tranfpiration  by  a  ba- 
lance 3  he  traces  out  its  chyliferous  duels, 
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by  means  of  coloured  liquors  ;  he  tries  the 
influence  of  light  upon  its  health  and  co- 
lour, by  putting  it  into  the  dark,  &c.  &c. 

IV. 

In  the  third  and  laft  place  comes  che- 
mistry ;  which,  not  content  with  invefli- 
gating  the  properties  of  bodies,  traces  out 
the  caufes  of  thofe  properties,  by  examin- 
ing into  their  ingredients  and  compofition. 
Thus,  (purfuing  the  fame  example)  upon 
examining  a  plant  after  the  manner  of  a 
chemifr,  a  man  learns  how  much  fait,  oil, 
water,  earth,  and  fo  forth,  are  contained 
in  it ;  and  further,  to  which  of  its  parts 
the  linell,  tafte,  and  other  properties  ancr 
virtues  of  it,  are  owing. 

V. 

Chemistry  is  therefore  that  faience, 
which  examines  the  conftituent  parts  of 
bodies  with  reference  to  their  nature,  pro- 
portions, and  method  of  combination. 


VL 
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The  particles  which  are  feparated  from 
one  another  by  the  chemical  analyfis,  or 
decompoiition  of  a  body,  are  called  its 

frincipks,  elements,  or  conJUtuent  parts. 

VII. 

There  are,  accordingly,  two  methods 
of  dividing  bodies,  a  mechanical  and  a 
chemical  j  to  which  correfpond  fo  many 
different  forts  of  elements,  or  conftituent 
parts, 

Mechanical  elements,  or  parts,  are  each 
of  them  of  the  fame  nature  as  the  whole, 
and  are  diftinguifhed  from  it  no  otherwife 
.than  by  their  bulk :  thus,  upon  powder- 
ing a  piece  of  chalk,  it  is  reduced  to  a 
multitude  of  fmaller  pieces,  each  of  which 
is  a  mechanical  part,  or  element  of  the 
whole.  Thefe  are  alio  called  integrant 
parts.. 

B  3  IX, 
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IX. 

Chemical  elements  is  the  name  given  to 
parts  of  different  natures,  which,  being 
put  together,  unite  into  one  body,  Thus 
calcareous  earth  or  lime,  aerial  acid  and 
water,  are  the  chemical  elements  of  chalk. 

X. 

As  the  elements  into  which  a  body  is 
refolved  by  chemiftry  in  the  firft  inftance, 
are  feldom  in  the  moft  perfect  ftate  of 
fimplicity,  different  orders  of  elements  may 
accordingly  be  conceived. 

XI. 

Thofe  elements,  into  which,  by  che- 
miftry, a  body  may  be  refolved  in  the  firft 
inftance,  may  be  termed  its  proximate 
principles  or  elements :  fuch  are  fulphur 
or  brimftone,  and  mercury  or  quickfilver, 
with  refpecl:  to  cinnabar, 
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XII. 

By  decompofmg  again  each  of  thole 
proximate  principles  of  cinnabar,  one  may 
attain  its  remote  principles  :  [which  again 
may  be  conhdered  as  proximate  principles 
with  reference  to  the  former  fet.]  Thus 
the  proximate  principles  of  brimftone  are 
phlogifton  and  vitriolic  acid ;  of  quick- 
fdver,  phlogifton  again,  and  the  metallic 
calx  of  quickfilver;  accordingly,  vitriolic 
acid,  phlogifton,  and  quickfilver,  are  the 
remote  principles  of  cinnabar. 

XIII. 

If  the  principles,  into  which  a  body 
has  been  thus  refolved,  are  capable  of  no 
further  refolution,  they  may  be  called  pri- 
mary, or  ultimate  principles  or  elements. 

The  divifion  or  refolution  of  a  body  into 
its  principles  or  elements,  is  termed  che- 
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mical  analyfis ;  as  the  putting  together  of 
bodies  of  the  fame  forts  as  thofe  princi- 
ples, fo  as  to  make  up  a  body  of  the  fame 
-fort  as  that  fo  analyfed,  is  termed  chemical 
fynthefis. 

XV. 

It  is  then  only  we  can  be  fure  of  our 
knowing  what  the  real  constituent  parts, 
or  elements  of  a  body  are,  when  the  ana- 
lyfis and  fynthefis  of  it  tally  with  each 
pthen 

XVI. 

The  nature  of  a  body  depends,  not  only 
on  the  nature  of  its  elements,  but  likewife 
on  the  proportion  in  which  they  are  found 
in  it,  and  the  manner  in  which  they  are 
•£Qnnec~r,ed.  Common  field  marie  con^ 
tains  the  fame  elements  as  the  topaz  at 
the  fame  time  the  properties  of  thefe  two 
bodies  are  altogether  different 
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XVII. 

The  cohefion  that  takes  place  between 
the  elements  of  a  body,  depends  upon  the 
force  with  which  they  attract  one  another, 
and  is  proportioned  to  that  force. 

XVIII. 

All  bodies  in  nature  have  an  attraction 
for  each  other. 

XIX. 

In  the  heavenly  bodies  this  attraction 
exerts  itfelf  according  to  one  fimple  law ; 
but  among  the  fmall  bodies  which  compofe 
our  globe,  this  force  is  different,  accord- 
ing to  the  different  nature  of  thofe  bodies. 

XX« 

If  three  different  particles,  A,  B,  and 
C,  meet  together,  and  two  of  them  unite 
in  fuch  a  manner  as  to  exclude  the  third^ 
(his  is  called  fimple  elective  attraction. 
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XXL 

If  A,  being  united  with  C  ;  afterwards, 
upon  B's  being  applied  to  them,  unites 
with  B,  and  lets  go  C  ;  A  is  faid  to  pofTefs 
a  greater  attraction  for  B  than  for  C : 
thus,  if  you  pour  vitriolic  acid  upon  com- 
mon fait,  it  is  found,  that  the  mineral 
alkali  of  the  fait  has  a  greater  attraction 
for  the  vitriolic  acid,  than  for  the  marine 
acid,  with  which  it  was  before  combined, 
as  it  leaves  the  latter,  and  unites  with  the 
former.  The  vitriolic  acid  is  alfo  faid  to 
have  a  ftronger  attraction  for  the  mineral 
alkali,  than  the  marine  acid  has ;  and,  ac- 
cordingly, the  former  acid  is  faid  to  expel 
the  latter  acid  from  its  bafis. 

XXlI. 

The  relations  thus  fubfifting  among  a 
number  of  fubftances,  are,  for  the  fake  of 
concifenefs  and  convenience  of  infpection, 
reprefented  by  placing  the  names  of  thofe 
6  fubftances 
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fubftances  (exprefied  by  peculiar  charac- 
ters) one  above  another,  in  columns  ;  and 
a  number  of  fuch  columns  put  together, 
compofe  what  are  called  tables  of  attrac- 
tion or  affinity. 

XXIII. 

The  attractive  forces  which  any  greater 
number  of  bodies  than  three,  upon  meet- 
ing, exert  one  upon  another,  is  called 
compound  attraction ;  and,  in  particular, 
when  four  bodies  operate  upon  one  another 
in  this  manner,  at  the  fame  time,  double 
attraction. 

XXIV. 

When  two  fubftances  are  united  toge- 
ther, no  third  fubftance  added  to  them 
will  effect  a  feparation  between  them,  un- 
lefs  fuch  third  fubftance  has  a  ftronger  at- 
traction for  one  of  them,  than  the  other 
has.  When  pure  calcareous  earth  is 
diffolved  in  nitrous  acid,  cauftic  vola- 
tile alkali  alone  will  not  feparate  them, 

becaufe 
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becaufe  the  attraction  of  the  alkali  for  the 
acid,  is  not  fo  ftrong  as  that  of  the  calca- 
reous earth  is. 

XXV. 

But  what  cannot  be  done  by  a  third 
fubftance  alone,  is  often  effected  by  that 
in  conj unction  with  a  fourth .  thus,  to 
the  pure  calcareous  earthy  as  in  the  forego- 
ing example,  let  aerial  acid  be  added,  and 
the  feparation  is  effected :  the  aerial  acid 
acting  upon  the  calcareous  earth  on  the 
pne  hand,  at  the  fame  time  that  the  alkali 
acts  upon  the  nitrous  acid  on  the  other, 
diminifhes  the  cohefion  of  the  earth  with 
the  nitrous  acid  to  fuch  a  degree,  that  the 
volatile  alkali  is  now  able  to  unite  itfelf  to 
the  latter  acid,  and  expel  the  earth, 

XXVI. 

To  the  exertion  of  thefe  two  forts  of 
attractions,  fimple  as  well  as  double,  flui*- 
dity  is  neceffary  on  the  part  of  fome  one, 
*t  leaft,  of  the  fubftances  concerned.  But 

this 
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this  fluidity  is  fufceptible  of  two  different 
forms,  according  to  which  attractions  are 
faid  to  be  exerted  in  fo  many  different 
ways,  which  are  called  the  humid  way 
and  the  dry. 

XXVII. 

It  is  called  the  humid  way,  when  one 
of  the  fubftances,  at  leaft,  is  fluid  in  the 
heat  of  the  atmofphere,  or  at  leaft  in  a 
heat  not  much  greater  than  that  of  the 
atmofphere ;  and  this  is  the  cafe  in  the 
feveral  examples  above-mentioned. 

XXVIII. 

It  is  called  the  dry  way,  when,  in  order 
to  produce  the  neceffary  degree  of  fluidity, 
fubftances  (while  as  yet  in  a  dry  ftate)  are 
expofed  to  a  confiderable  degree  of  addi- 
tional heat :  for  inftance,  by  the  applica- 
tion of  burning  fuel.  Thus,  if  cinnabar 
be  mixed  with  iron  filings,  and  a  certain 
degree  of  heat  be  applied,  the  quickfilver 
of  the  cinnabar  will  rife  up,  leaving  the 

brimftone 
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brimilone  (which  is  the  other  element  of 
the  cinnabar)  combined  with  the  iron ;  the 
brimftone  attracting  the  iron  ftronger  than 
it  does  the  quickfilver.  This  is  a  cafe  of 
limple  attraction.  Again,  if  hydrargyrum 
vitriolatum  [quickfilver  united  with  the 
acid  of  vitriol]  be  mixed  with  alkali  mi- 
ner ale  fall  turn,  [common  fait]  and  a  cer- 
tain degree  of  heat  is  applied,  a  new  com- 
bination takes  place  among  the  fubftances 
concerned,  in  virtue  of  a  double  elective 
attraction :  the  marine  acid  of  the  com- 
mon fait  unites  itfelf  with  the  quickfilver 
of  the  mercurial  fait,  forming  a  new  mer- 
curial fait,  called  corrofive  fublimate  [hy- 
drargyrum falitum  fortius]  ;  while  the  mi- 
neral alkali  of  the  common  fait  combines 
with  the  vitriolic  acid  of  the  firft  mercurial 
fait,  forming  what  is  called  Glauber's  fait. 

XXIX. 

The  whole  fyftem  of  thefe  fet  of  ele&ive 
attractions,  double  as  well  as  fmgle,  may 
be  reprefented  in  the  moll  commodious 
manner,  fo  as  to  be  comprehended  at  a 

fmgle 
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imgle  glance,  by  the  tables  above-men- 
tioned [f.  22] ;  by  means  of  which  the 
whole  theory  of  attractions,  which  forms, 
fo  important  a  branch  of  chemiftry,  is 
placed  in  a  very  intelligible  point  of.  view. 

XXX. 

Since  then  all  chemical  operations  are 
reducible  to  analyfis  or  fynthefis,  that  is, 
to  difcombination,  as  it  may  be  called,  and 
recombination  of  fubftances ,  and  as  thefe 
operations  depend  upon  the  laws  of  this 
fpecies  of  attraction,  it  appears  that  the 
knowledge  of  thefe  laws  muft  be,  as  it 
were,  the  key  to  the  whole  fcience. 

XXXI. 

Chemiftry,  in  fo  far  as  it  applies  itfelf  to 
throw  a  light  upon  the  general  courfe  of 
nature,  and  the  caufes  of  the  feveral  phe- 
nomena exhibited  by  bodies,  may  be  termed 

[cbemia 
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[cbemia  pura]  pure,  general,  or  philofoprnV 
cal  chemiftry. 

XXXII. 

But  when  it  enters,  more  or  lefs,  into 
details,  and  applies  itfelf  to  ufe,  by  teach- 
ing us,  partly,  how  the  feveral  forts  of  bo- 
dies, according  to  their  refpeclive  natures, 
may  be  employed,  when  at  hand,  in  the 
moft  advantageous  manner,  to  the  feveral 
purpofes  of  life ;  partly  how  they  may  be 
preferved  and  ameliorated,  or  even,  if  not 
at  hand,  how  they  may  be  prepared ,  it 
may  be  termed  [cbemia  applicatd]  mixt, 
particular,  or  popular  chemiftry,  after  the 
fame  manner  that  mathematics  is  denomi- 
nated in  the  like  cafes. 

XXXIII. 

Chemiftry,  like  mathematics,  may  alfo 
be  diftinguiftied  into  [cbemia  'vulgaris] 
vulgar  or  elementary  chemiftry,  which 
concerns  itfelf  only  with  the  groffer  and 

more 
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more  palpable  elements  of  bodies ;  and 
[cbemia  Jit  Mi  mi  or]  tranfcendental  chemif- 
try,  which,  not  neglecting  the  grolTer  and 
more  palpable  elements,  finds  means,  by 
particular  contrivances  of  its  own,  to 
collect  and  examine  thofe  elements  of  finer 
texture,  which  otherwife,  in  confequence 
of  a  degree  of  fubtlety  which  renders  them 
imperceptible  to  our  fenfes,  would  fly  off 
and  efcape  our  notice.  Thefe  finer  ele- 
ments may  be  confidered,  in  fome  refpects, 
as  correfponding  to  the  fluxions  and  infi- 
nitefimals  of  the  fublimer  or  tranfcen- 
dental geometry. 

r*  :  xxxiv. 

The  tranfcendental  cherhiftry  requires 
particular  talents,  as  well  for  the  deviflng 
as  for  the  executing  of  fuch  experiments 
as  are  beft  calculated  to  bring  forth  the 
truth  with  certainty.  Since  the  rapid 
ftrides  which  chemiftry  has  made  within 
thefe  laft  twelve  or  fifteen  years,  it  is  be- 
come abundantly  evident,  how  imperfect 

C  the 
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the  knowledge  of  thofe  perfons  muft  ber 
who  chufe  to  confine  themfelves  to  vulgar 
chemiftry.    Eut  it  is  not  to  be  wondered 
at,  if  men,  who  pollers  neither  the  talents 
nor  patience  ncccfTary  to  fuch  nice  en- 
quiries, mould  feek  to  palliate  their  own 
deficiency,  by  flighting  them  under  the 
name  of  fubtleties.    Mean  time,  that  a 
fubftance  which  oftentimes  conftitutes  a 
great  part,  even  as  far  as  half  the  weight 
and,  fometimes  more,  of  the  body  in  which 
it  is  found,  is  an  object  not  worth  at- 
tending to,  raid  which  as  fuch  may  be 
thrown  away,  or  fuffered  to  efcape  un- 
heeded, is  a  proportion  which  cannot  but 
appear  to  be  rather  an  extraordinary  one. 
In  fact,  a  man  who  confiders  nature  with 
ever  fo  little  attention,  cannot  farely  help 
beiiio-  aware,  that  every  thing  that  wre  fee 
happens  in  conformity  to  certain  laws  > 
and  that  the  fmalleft  circumflances  have 
their  caufes,  as  well  as  the  greateil.  In 
the  fyftem  of  nature  every  phenomenon 
is  connected  with  every  other  3  infomuch 
that  wre  may  be  warranted  in  faying,  that 

in 
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in  this  branch  of  fcience,  either  there  are 
no  fuch  things  as  fubtleties,  or  that  here 
even  fubtleties  themfelves  are  not  to  be 
contemned. 

XXXV.  ,  .'M  !? 

As  we  are  continually  employing  the 
difFerent  fubftances  in  nature  in  fubfer- 
vience  to  our  different  neceffities,  there 
needs  not  much  profound  ftudy  to  appre- 
hend, in  a  general  way,  the  ufe  of  that 
fcience,  the  bufmefs  of  which  it  is  to 
investigate  thofe  circumftances  in  the  com- 
pofition  of  bodies,  on  which  their  various 
differences  are  grounded.  However,  in 
order  to  give  a  more  detailed  and  partis 
cular  view  of  its  utility,  it  may  be  proper 
to  diftinguifh  popular  chemiftry  into  va- 
rious fubordinate  branches,  and  to  beftow 
on  each  of  them  a  feparate  confideration. 

XXXVI.  jk 

There  are  but  three  refpects,  in  which 
the  feveral  forts  of  bodies  which  we  are 

G  2  converfant 
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-converfant  witli,  can  be  made  fubfervient 
to  our  ufe;  i7.2.  in  refpccl  to  our  health, 
in  refpect  to  our  maintenance,  and  in  re- 
fpect  to  the  pleafures  and  convenience 
of  life. 

XXXVII. 

Accordingly,  popular  chemiftry  may 
be  divided,  in  the  firft  infrance,  into  three 
branches ;  the  medical,  the  ceconomical, 
and  the  technical. 


MEDICAL  CHEMISTRY, 

XXXVIIL 

The  objects  of  medical  chemiftry  are 
fuch  fubffances  as  are  capable  of  being- 
made  conducive  to  cur  health.  But,  as 
the  ways  in  which  they  may  be  made 
fubfervient  to  that  purpofe  are  different, 

this 
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this  branch  of  chemiftry  is  accordingly 
flifceptible  of  a  number  of  fubdivifions  j 
all  which  may  here  be  mentioned,  though 
the  nature  of  this  defign  admits  not  of 
their  being  confidcred  othervvife  than  in 
a  very  general  point  of  view. 

XXXIX. 

Medical  chemiftry  has  naturally  two 
objects  in  view :  to  wit,  firit,  the  know* 
ledge  of  the  chemical  properties  of  the 
living  body,  to  the  health  of  which  it  pro- 
pofes  to  be  fubfervient ;  and,  fecondly,  of 
the  feveral  other  fubftances  which  are  of  a 
nature  to  contribute,  more  or  lefs,  to  that 
defign. 

XL. 

The  firft  of  thefe  divifions  conftitute 
what  may  be  termed  phyhological  chemif- 
try. The  bufinefs  of  this  branch  is,  in 
the  firft  place,  to  lay  open  the  texture  and 
compofition  of  the  feveral  folid  as  well  as 
ftuld  ilibftances  of  which  the  body,  as 

C  3  well 
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well  in  a  healthy  as  in  a  morbid  ftate,  is 
ctompofed :  in  the  next  place  to  explain  the 
feveral  chemical  procelfes,  which  are  go- 
ing on  in  every  part  of  the  body :  fuch  as 
digeftion,  prepaiation  of  chyle,  of  blood, 
of  gall,  of  the  pancreatic  juice,  &c. 

XLI. 

This  branch  is  as  yet  but  in  its  infancy; 
although,  on  the  one  hand,  the  cultivation 
of  it  cannot  but  be  of  the  greater!'  advan- 
tage to  medicine  ;  and,  on  the  other  hand, 
the  neglect  of  it  has  given  admiflion  to  a 
great  part  of  that  prodigious  variety  of 
abfurd  pofitions,  with  which  that  fcience 
has  hitherto  been   overwhelmed.  One 
example  will  be  fufficient :  entire  works 
have  been  written  on  the  production  of 
the  ftone  in  the  bladder  from  calcareous 
earth,  although  the  molt  exact  analyns 
cannot  difcover  in  it,  upon  an  average, 
above  one  part  in  a  hundred  of  this  earth. 
One  may  judge  by  this,  how  well  grounded 
many  of  the  expedients  have  been,  which 

we 
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we  have  feen  propofed  for  the  diffolving 
of  the  ftone, 

XLII, 

The  other  principal  branch  refpects 
the  knowledge  of  the  chemical  properties 
of  the  feveral  fubftances,  which  are  found 
to  be  beneficial  or  noxious  to  health.  This 
may  be  comprehended  under  the  name  of 
pharmaceutical  chemifiry. 

XLIII. 

This  branch  comprehends  again  other 
branches  of  fcience,  which  it  may  be  of 
ufe  to  dillinguifii  from  one  another. 

XLIV, 

To  this  head  belongs,  in  the  flrft  place, 
the  knowledge  of  the  conftituent  parts  or 
elementary  ingredients  of  th  1  fe  •  eral  bo- 
dies which  are  made  vAh  of,  whether  for 
the  purpofe  of  medicine  or  of  nourifh-* 
meat.    The  fubflances  we  are  taking  in 

C  4  continually 
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continually  in  the  way  of  diet,  produce 
not  fuch  quick  and  remarkable  changes  in 
the  body  as  medicines  do  :  however,  at  the 
long  run,  the  influence  of  the  former  on 
our  health  is  too  evident  to  admit  of  their 
being  excluded  from  confideration  in  the 
prefent  inflance. 

XLV, 

It  is  further  neceffary  to  understand  how 
to  feparate  the  ufeful  parts  of  thofe  fub- 
ftances,  from  fuch  ufelefs  or  pernicious 
ones  as  they  may  happen  to  be  encompaffed 
with ;  alfo  how  the  ufeful  parts,  fo  fepa- 
rated,  may  be  prepared,  as  well  each  of 
them  by  itfelf,  as  any  number  of  them 
together ;  in  fuch  manner,  as  that  they  may 
pofTefs  the  lead  unpalatable,  and  the  mofl 
commodious  form.  This  branch  com- 
monly goes  by  the  name  of  pharmacy :  it 
fuppofes  great  extent  of  knowledge,  if  re- 
garded, as  it  ought  to  be,  upon  the  foot- 
ing of  a  fcience. 

XLVI. 
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XLVI. 

As  to  water  and  air,  although  what 
concerns  the  properties  of  thefe  two  fub~ 
ftances  might  be  properly  enough  ranked 
under  a  former  divifion  [f.  44]  ;  yet,  as 
they  are  of  fuch  neceffary  and  extenfive  ufe, 
they  may  feem,  on  that  account,  to  claim 
each  of  them  a  feparate  confideration. 

xlvii;      'v  '  1 

The  bufmefs  of  the  hydrological  branch 
of  chemiftry  will  accordingly  be,  to  in- 
veftigate  the  nature  of  the  feveral  forts  of, 
waters,  with  regard  to  the  feveral  hetero- 
geneous fubftances  which  they  are  apt  to 
contain,  and  to  which  all  the  differences 
which  are  obfcrvable  in  them  are  owing. 

XLVIII. 

This  branch  of  the  fcience  affords  us 
then  an  effectual  fet  of  expedients,  for  imi- 
tating by  art  all  fuch  naturally  impreg- 
nate i 
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nated  waters  as  are  valuable  enough  to  be 
worth  the  trouble  :  which  may  be  the  cafe, 
either  on  account  of  their  not  being  to 
be  had  at  all  in  the  places  where  they  are 
wanted,  or  not  at  fo  low  a  price  as  they 
may  be  made  for. 

*        xlix, ; .  *  lo f»**** 

Water  has  more  or  lefs  to  do  with 
almoft  every  thing  we  eat ;  and  forms  the 
greateft  part  of  every  thing  we  drink : 
the  different  impregnations  which  this 
fubftance  is  apt  to  receive,  cannot  there- 
fore but  be  of  fome  confequence,  more  or 
lefs,  upon  every  occafion. 

L, 

The  aerological  branch,  the  bufmefs  of 
which  is  to  inveftigate  the  nature  and  pro- 
perties of  the  different  kinds  of  air,  is 
not  lefs  interefling  than  that  laft  menti- 
oned. On  every  fide  we  are  furrounded 
with  this  element,  in  which  we  live  as 
limes  do  in  water.  The  different  modifi- 
cations 
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cations  of  which  it  is  fufceptible,  not  only 
have  a  very  confiderablc  influence  upon 
perfpiration,  that  procefs  fo  intimately 
connected  with  our  health,  but  are  alfo  in- 
difpenfably  neceiTary  to  the  continued  mo- 
tion of  the  lungs,  thofe  bellows  by  which 
the  flame  of  life  is  kept  alight.  It  is  not 
enough  that  they  are  kept  diftended  by  any 
kind  of  elaftic  fluid.  A  certain  quantity 
of  a  particular  kind  of  elaftic  fluid  is  ne- 
cefTary  for  this  purpofe.  Of  this  quantity, 
that  part  which  is  perfectly  pure,  and 
which  of  itfeif  is  the  only  part  that  is 
fit  for  respiration,  makes  always  but  a 
fmall  proportion,  and  feldom  more  than  a 
fourth  part,  of  the  whole  atmofpheric  mafs ; 
the  reft  is  altogether  unfit,  and,  of  itfeif, 
would  extinguish  life  in  a  few  moments. 

LI. 

The  ftate  of  the  air  is  net  only  very  dif- 
ferent in  low  and  elevated  fituations,  in 
open  places,  and  dole  rooms ;  but  even 
in  the  fame  room3  it  is  fcarce  every  where 

exactly 
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exactly  alike :  it  is  therefore  of  no  fmail 
importance  to  be  informed  of  thefe  ine-^ 
qualities,  which,  as  far  as  concerns  fitnefs 
for  refpiration,  may  be  pretty  exactly  mea- 
fured  by  the  new-invented  inftrumcnt^ 
called  the  Eudiometer. 

LIL 

Thus  much  is  enough  to  mow,  that, 
without  the  help  of  chemiitry,  the  art  of 
medicine  cannot  but  fall  very  far  fhort  of 
its  perfection. 
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LHL 

In  rural  oeconomy  there  are  fevcral  pro- 
cefTes,  which,  in  order  to  fucceed  under  all 
circumftances,  ftand  in  need  of  receiving 
more  or  lefs  light  from  chemiftry  :  fome  of 
3  the 
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the  principal  of  thefe  we  mall  here  enu- 
merate. 

LIV. 

In  a  general  view,  this  branch  of  bufi- 
hefs  may  be  faid  to  have  two  objects  :  in 
tlie  firft  place,  to  produce  certain  fub- 
ftances  in  the  flate  of  raw  materials  ;  in 
the  next  place,  fo  to  deal  with  them,  as  to 
turn  them  to  the  beft  advantage. 

LV. 

Raw  materials,  from  the  vegetable  king- 
dom, which  are  the  objecls  of  rural  ceco- 
nomy,  are  all  forts  of  grains,  roots,  and 
fruits,  ftalks  and  leaves  of  herbaceous 
plants ;  fuch  as  hay,  flax,  hemp,  Sec.  In 
milder  climates  grapes,  olives,  &c. 

LVI. 

All  thefe  feveral  articles,  in  order  to  be 
produced  in  perfection,  require  each  of 
them  its  proper  and  peculiar  management : 
a  proper  kind  of  eartli  mult  be  procured 

'  for 
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for  them,  or  the  earth  that  is  at  hand  muft. 
be  rendered  fo  by  art,  if  the  hufbandman 
would  be  rewarded  for  his  labour. 

LVH. 

Befides  the  earth  in  which  they  grow, 
vegetables  muft  be  fupplied  with  matters 
proper  for  their  nourifhment ;  and  in 
particular  with  fuch  as  are  calculated  to 
conftitute  their  folid  parts.  But  thefe,  in 
order  to  be  carried  up  through  the  roots, 
require  the  afTiftance  of  water,  being  the 
vehicle  which  is  the  bcft  adapted  to  this 
pnrpofe. 

LVIII. 

A  good  earth  muft  therefore  contain, 
in  the  firft  place,  a  fufrlcient  quantity  of 
nutritive  materials ;  and,  befides,  a  fuffi- 
cient  quantity  of  water,  to  ferve  as  well  in 
the  way  of  nonrifliment  as  in  the  capacity 
of  a  vehicle,  for  the  nourifhment  that  may 
be  afforded  by  other  fubftances* 

LIX, 
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LIX. 

The  mineral  earths  which  are  moft 
commonly  found  in  the  common  foil 
are  clay,  fand,  and  calcareous  earth  ;  with 
which  are  intermixed  a  greater  or  lefs  quan- 
tity of  vegetable  fubftances,  which,  as  they 
putrify,  lofe  their  organical  texture. 

LX. 

Of  thefe  three  earths  there  is  not  any 
one  which,  by  itfelf,  is  fit  for  the  fupport 
of  vegetables.  In  a  good  foil  they  are 
therefore  always  found  mixed,  at  leaft  two 
of  them  together. 

LXI. 

Clay  retains  water  the  longefTj  after 
clay,  calcareous  earth  j  fand  dries  the 
quicker!.  Hence  it  follows,  that  from  the 
different  proportions  in  which  they  may 
be  mixed,  refult  fo  many  differences  with 
regard  to  their  capacity  for  retaining  water. 
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On  this  occafion  the  inferior  ftrata  require 
to  be  confidered  as  well  as  that  which 
.forms  the  furface  of  the  ground. 

LXII. 

The  belt  earth  being  barren,  and,  as  it 
were,  lifelefs,  without  water,  it  is  obvious, 
that  that  mixture  is  the  belt,  which  is  beft 
adapted  to  the  mean  ftate  of  the  weather, 
with  refpeefc  to  drought  and  moifture : 
unufual  accidents  are  not  to  be  prevented 
by  human  forefight. 

LXIIL 

But  the  influence  of  filiation  is  fuchj 
that  the  fame  mixture  in  different  places 
has  different  effects.  The  bufmefs  is  there-- 
fore  to  find  out  that  mixture,  which  is 
beft  fuited  to  the  fituation  of  the  fpot. 

LXIV. 

If  the  farmer  then  knows  how  to  diftin^ 
guifh  the  different  kinds  of  earth  in  his 

grounds, 
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grounds,  and  to  judge  of  the  proportions 
in  which  they  are  mixed,  in  the  fame 
manner  nearly  as  a  miner  judges  of  the 
contents  of  his  mines ;  he  may,  by  due 
obfervation  and  reflection,  be  able,  in  the 
courfe  of  a  few  years,  to  determine  what 
mixture  is  belt  fuited  to  his  fituation. 

LXV. 

To  grow  corn  in  a  field,  and  to  produce 
it  in  the  greatefc  poflible  quantity,  are  two 
very  different  things ;  the  former  may  be 
compafled  without  any  very  great  Hock 
of  knowledge ;  but  by  no  means  the  latter, 
unlefs  perhaps  by  great  chance. 

The  ufes  which  chemiftry  may  be  of  in 
agriculture  are  very  confiderable  ;  but  the 
limits  of  this  ttefigh  will  not  allow  of  our 
doing  any  thing  more,  than  jufr  to  men- 
tion the  principal  of  them  in  a  few  words. 
To  chemiftry  it  belongs  to  diftinguifh  the 
different  kinds  of  earth,   according  to 

D  their 
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their  natures  and  proportions ;  to  deter- 
mine which  of  them  are  the  fitteft  for 
different  purpofes  ;  to  afcertain  the  different 
qualities  of  the  various  forts  of  manures  ; 
and  to  point  out  proper  methods  of  ap- 
plying them;  to  produce  them  in  fuch 
quantities  as  may  be  required  ;  to  afcer- 
tain the  beft  method  of  improving  a  poor 
foil;  to  effect,  by  a  mixture  of  earths, 
what  is  not  to  be  done  by  manure  alone. 

LXVII. 

Agriculture,  that  moft  honourable  and 
ancient  of  profeffions,  has  fcarcely  fmce 
the  time  of  the  Romans  received  any 
effential  improvements.  The  reafon  is, 
not  that  it  is  already  at  its  perfection,  but 
that  a  fumcient  flock  of  natural  know- 
ledge has  never  been  hitherto  applied  to 
it.  The  great  object,  has  been  to  make 
fields  look  like  the  flower-beds  in  a  gar- 
den; but  then  the  field  ought  to  be  as 
eafy  to  water  as  a  garden,  or  a  man  will 
find  the  impropriety  of  this  method  to 
his  coll, 

LXVIII, 
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When  the  productions  of  agriculture 
are  at  length  obtained,  the  aid  of  che- 
miftry  is  ftill  as  much  wanted  as  ever,  for 
the  purpofe  of  preferving  and  improving 
them. 

LXIX. 

Brewing,  baking,  making  brandy,  cy- 
der, wine,  and  vinegar,  are  all  of  them 
fo  many  chemical  procefTes  j  which,  for 
want  of  the  requifite  frock  of  knowledge, 
in  many  cafes,  either  fail  altogether,  or 
are  carried  on  with  little  profit.  To  this 
head  likewife  belongs  the  preparation  and 
prefervation  of  yeafl,  or  leaven. 

LXX. 

Other  ufeful  branches  of  rural  cecono- 
my,  are  thofe  that  concern  the  preparation 
and  production  of  fyrups  from  the  dif- 
ferent fubftances  which  afford  a  faccharine 

D  2  matter  i, 
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matter ;  the  preparation  of  ftarch :  alfo 
that  of  flour  and  gruel  from  potatoes, 
&c. 

To  prepare  flax  and  hemp  in  fuch  a  man- 
ner as  to  yield  the  finefl,  jftrongeft,  and 
fofteft  threads  j  to  bleach  linen,  fo  as  to 
give  it  the  purefl  white,  without  lofing  its 
ftrength  -y  to  preferve  wood  from  putre- 
faction j  to  enable  wainfcot  and  paper- 
hangings  to  refift  the  fire  &c  ;  are  fo  many 
problems,  which  can  look  only  to  che- 
miftry  for  their  folution. 

.       i       .,   LXXII.  ;      [J  3fi 

From  the  animal  kingdom  the  farmer 
collects  raw  materials,  fuch  as  eggs,  -meat, 
tallow,  wool,  hair,  feathers,  hides,  milk, 
honey,  wax,  &c.  many  of  which  by  . che- 
mical art,  if  neceifary,  may  be  preferved 
uncorrupted  for  a  •cpnfiderable  length  of 
time,  or  may  ev-eny  in  fome  inftances,  be 

reflored 
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reftored  in  good  meafure  to  a  found  Hate, 
after  corruption  has  begun  to  take  place. 

LXXIII. 

By  the  improvement  of  the  raw  mate- 
rials, are  obtained  butter,  cheefe,  fugar, 
yarn,  flax,  thread,  packthread,  cordage, 
and  many  other  articles,  by  procclfes  which 
may  be  carried  on  with  much  greater  fa- 
cility and  fuccefs,  if  the  chemical  nature 
and  properties  of  the  feveral  materials  be 
underflood. 

LXXIV, 

Further  inftances,  in  which  the  farmer 
may  occafionally  find  a  confiderable  ad- 
vantage by  understanding  chemifliy,  will 
appear  under  the  head  next  enfuing. 

*[}J°t  '*  ^  lxxv.  •;*.„?' •  j 

A  multitude  of  proceffes,  which  fome- 
times  are  carried  on  in  the  fmall  way  in 
families,  at  other  times,  being  carried  on 

D  3  in 
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in  the  large  way,  conftitute  the  bufinefs 
of  fo  many  feparate  manufactories,  or 
profeflions ;  and  may,  on  this  account, 
be  referred  to  the  head  of  technical  che~ 
miftry. 
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LXXVL 

The  application  of  chemiftry  to  arts  and 
manufactmes  is  of  very  great  extent: 
fome  of  them  are  nothing  but  a  chain  of 
chemical  proceifes  from  beginning  to  end ; 
others  belong,  in  certain  ftages  of  their 
progrefs,  principally  to  mechanics,  but  at 
the  fame  time  require  the  afliftance  of  che~ 
miflry  at  certain  other  periods. 


LXXVIL 
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LXXVII. 

This  being  premifed,  technical  che- 
miflry  may,  in  conformity  to  the  chemical 
arrangement  of  bodies,  be  divided  into  five 
branches,  viz.  firft,  halurgic  chemiftry,  or 
that  which  relates  to  falts ;  fecondly,  ge- 
zirgicy  or  that  which  relates  to  earths ; 
thirdly,  theiurgic^  or  that  which  relates  to 
fulphureous  bodies  j  fourthly,  metalhirgic> 
or  that  which  relates  to  metals  j  fifthly, 
opijiciary  (£),  or  that  which  relates  to  the 
feveral  forts  of  arts  and  manufactures. 

LXXVIII. 

Arts  and  manufactures  were,  for  the 
moft  part,  in  their  origin  the  work  of 
chance ;  and  fince  then  receiving  improve- 
ment by  continual  and  fucceffive  trials, 
have  been  brought  to  the  degree  of  per- 
fection at  which  we  fee  them  now ;  com- 
monly, without  being  obliged  to  fcience 


(b)  See  144. 
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for  their  advancement.  But  this  is  no 
proof,  but  that  the  fuccefs  of  them  is 
founded  on  certain  chemical  truths  or  axi- 
oms, on  certain  general  facts,  which  it 
comes  under  the  province  of  chemiftry  to 
teach  and  to  explain  and  on  account  of 
which, ^rfconfequently  cannot  but  receive 
confiderable  light  from  chemiftry  :  fome 
^haup received  already,  and  doubtlefs  ifcgy 
would  have  received  much  more,  had  it  not 
been  for  that  veil  of  myftery,  with  which 
private  intereft  naturally  leeks  to  cover 
thofe  lucrative  employments. 

LXXIX. 

It  is  the  bufinefs  of  the  halurgic  b?~ancb 
of  chemiftry,  to  teach  the  art  of  preparing 
and  purifying  the  feveral  forts  of  falts. 
[See  fections  162  to  191.] 

?1'    -  1  LXXX.  , 

To  this  head  therefore  belongs  the  pre- 
paration of  the  mineral  acids,  of  which 
number  thofe  for  which  there  is  the  great- 
eft 
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eft  demand  in  trade,  are ;  firft,  that  which 
is  made  from  vitriol  or  fujphur,  the  vi- 
triolic ;  fecondly,  that  which  is  made  from 
falt-petre,  or,  as  it  is  otherwife  called,  ni- 
tre, the  nitrous ;  thirdly,  that  which  is 
made  from  common  fait,  the  marine,  or 
muriatic.  Of  vegetable  acids,  that  of 
vinegar  is  the  only  one  which  is  prepared 
in  the  large  way ;  the  preparation  of  the 
others  being  confined  to  chemical  labora- 
tories, and  apothecaries  fhops. 

LXXXI. 

The  fixed  alkalis,  fuch  as  that  of  pot- 
afh  and  that  of  foda,  are  articles  of  trade. 
Volatile  alkali  is  moftly  prepared  in  apo- 
thecaries fhops. 

LXXXII. 

Of  the  neutral  falts,  including  as  well 
thofe  which  are  perfectly  faturated  [fee 
183]  fnch  as  Glauber's  fait,  falt-petre, 
common  fait,  and  fal  ammoniac  [fee  184] 
as  thofc  which  are  fuperfaturated,  fuch  as 

tartar 
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tartar  and  borax  [fee  185]  thofe  here 
mentioned  are  prepared  and  purified  in  the 
large  way ;  the  others  for  the  mofr.  part 
only  in  apothecaries  fhops. 

LXXXIII. 

Sugar  may  be  confidered  as  a  kind  of 
vegetable  effential  fait,  of  which,  in  our 
times,  a  confiderable  quantity  is  confumed. 
The  art  of  refining  it  is  frill  capable  of  re- 
ceiving many  lights  from  chemiftry. 

LXXXIV. 

Of  the  earthy  compound  falts  [fee 
188],  which  occur  in  trade,  nature  her- 
felf  prepares  gypfum  [fee  200] ;  as  alfo, 
in  fome  places,  the  fal  amarum  [fee  202]  ; 
but  alum  is  folely  produced  by  art  [fee 
204]. 

LXXXV. 

The  metallic  compound  falts  which  oc- 
cur in  trade,  are  all  of  them  prepared  by 
art.    The  principal  of  them  are,  firft,  blue 

vitriol, 
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vitriol,  or  vitriol  of  copper ;  fecondly,  green 
vitriol,  or  vitriol  of  iron  ;  thirdly,  white 
vitriol,  or  vitriol  of  zinc ;  fourthly,  cor- 
rofive  fublimate,  or  mercury  combined  with 
marine  acid ;  fifthly,  faccharum  faturni, 
or  vinegar  combined  with  lead ;  and  fixthly, 
verdigreafe,  or  vinegar  with  copper. 

LXXXVI. 

In  the  preparation  of  many  of  thefe 
falts,  many  important  improvements  have 
been  made  in  our  own  times  by  the  means 
of  chemiftry;  and,  in  particular,  we  are 
now  able  to  obtain  the  mineral  acids  with 
much  lefs  trouble,  as  well  as  expence,  than 
formerly ;  and  there  is  the  greater!:  reafon 
to  hope,  that  more  and  more  improve- 
ments refpecting  the  preparation  of  thole 
fubftances  will  be  difcovered. 

LXXXVII. 

The  geurgic  branch  of  chemiftry  com- 
prehends all  the  preparations,  of  which 

any 
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any  kind  of  earth  conftitutes  the  principal 
ingredient.  The  calcareous,  argillacious, 
and  filicious  earths  are  employed,  not  only 
in  agriculture,  but  to  feveral  other  purpofes. 

LXXXVIII. 

Calcareous  flones  are  burnt;  whereupon, 
if  water  is  poured  upon  them,  they  fall 
into  a  powder,  which  is  the  principal  in- 
gredient in  the  mortar  ufed  for  walls.  If 
it  be  mixed  with  a  little  Manganefe  [fee 
259]  it  forms  black  chalk,  which  is  found 
particularly  ufeful  in  fuch  mafon's  work 
as  is  done  under  water. 

4  LXXXIX. 

It  is  from  chemiftry  that  we  learn  the 
nature  of  the  change  which  chalk  under- 
goes upon  being  burnt :  viz.  that  a  quan- 
tity of  aerial  Acid  and  water,  amounting 
together  to  a  little  more  than  half  its 
weight,  efcapes  from  it,  and  that  a  certain 
quantity  of  the  matter  of  heat  is  fet  at 
6  liberty 
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liberty  [fee  297].  Thus  informed,  we 
have  not  only  obtained  juft  notions  re- 
flecting the  properties  of  this  earth,  but 
we  are  alfo  enabled  to  lay  down  rules,  with 
more  exactnefs  than  before,  for  burning 
and  extinguiihing  it,  for  preferving  its 
properties  unimpaired,  and  for  employing 
it  to  the  befr.  advantage. 

XC. 

Argillacious  earth,  or  Clay,  when  pre- 

■ 

pared  with  a  certain  quantity  of  water, 
poflefles  a  degree  of  tenacity,  which  ren- 
ders it  fit  to  be  moulded  into  various  forms,. 
Upon  being  baked,  it  contracts  confidera- 
bly,  and  is  apt  to  crack,  if  it  is  not  mixed 
with  a  fufficient  quantity  of  fand.  Not 
only  this  mixture,  but  clay  by  itfelf,  ac- 
quires a  very  confiderable  degree  of  hard- 
nefs  in  the  fire.  In  virtue  of  thefe  proper- 
ties, a  variety  of  ufeful  articles  have  been 
made  out  of  it,  differing  from  each  other 
in  refpect  of  the  goodnefs  of  the  mate- 
rials,  the  nicety  of  the  workmanfhip, 

and 
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and  the  beauty  and  convenience  of  the 
form. 

XCL 

Every  one  knows  the  ufe  that  bricks  and 
tiles  are  of  in  building ;  the  former  to  com- 
pofe  the  fubftance  of  the  walls,  the  latter 
to  form  the  covering  of  the  roof. 

XCII. 

In  regard  to  bricks,  which  are  to  be 
bedded  in  good  mortar  and  covered  with 
it  all  round,  much  nicety  in  the  choice  of 
the  clay  is  not  required  ;  it  is  enough  if  it 
be  but  equally  worked  throughout  and 
well  burnt ;  but  for  thofe  which  are  ex- 
pofed  to  all  the  viciflitudes  of  the  weather, 
a  greater  degree  of  nicety  is  required. 

XCIII. 

The  purer  the  clay  is,  the  better  it  is  for 
bricks  and  tiles  j  for  fince  the  purer  it  is, 
the  more  it  contracts,  it  is  therefore  the 

lefs 
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lefs  dilpoled  to  receive  water;  which,  in 
freezing,  burfts  the  ftrata  of  particles  which 
are  contiguous  to  it,  and,  little  by  little, 
crumbles  down  the  whole  fubfrance  of  the 
brick. 

If  there  happens  to  be  a  little  lime  in 
the  clay,  tiles  that  are  made  of  it,  if  burnt 
in  the  common  way,  are  incapable  of  laffc- 
ing  long  in  the  open  air  without  a  cover ; 
for  the  calcareous  particles,  attracting 
moifture,  are  warned  out,  leaving  holes  -9 
which,  filling  with  water,  form,  as  it  were, 
fo  many  little  mines ;  which,  as  foon  as  a 
froft  comes,  explode  and  burfl  through  the 
fubftance  in  which  they  are  inclofed. 
This  imperfection  is  obviated,  by  giving  a 
vitreous  coating  to  the  furface  -}  which  is 
done  by  the  force  of  fire,  either  alone,  or 
aflifted  by  a  little  common  fait,  which  is 
ftrewed  upon  them  in  the  kiln.  This 
glazing  pretty  effectually  anfwers  the  de- 
fired  purpofe. 


XCV 
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XCV. 

For  thefe  and  a  number  of  other  cir- 
cumftances  that  occur  in  the  arts  of  brick- 
making  and  tile-making,  fuch  effectual 
provifion  may  be  made  by  the  help  of  che- 
miftry,  that  thereby  there  is  fcarce  any  fort 
of  clay  but  what  may  be  made  to  ferve. 

XCVI. 

Of  common  clay  are  likewife  made  a 
variety  of  the  ordinary  forts  of  potters 
ware,  as  well  glazed  as  unglazed. 

:.bJ  XCVII. .... 

Potters  ware,  when  covered  over  with  a 
kind  of  enamelled  glazing,  forms  that  par- 
ticular kind  which  is  called  Delft  ware. 

XCVIII. 

A  kind  of  reddifh  brown  clay,  contain- 
ing iron,  is  likewife  made  into  a  variety  of 

utenfilsj 
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utenfils,  for  the  moft  part  unglazed ;  in 
which  ftate  the  earth  is  called  by  lbme 

terra  figillata. 

.  XC.TX. 

Clays,  fuch  of  them  as  are  qualified  to 
refill  the  fire,  are  made  into  crucibles, 
muffles,  retorts,  and  a  variety  of  other  vef- 
fels  ufed  in  chemiftry, 

C. 

VefTels  made  of  the  finer  and  apyrous, 
and  perfectly  opake  forts  of  clays,  and  which 
uiually  are  glazed,  are  called  Jlone  ware, 

CI. 

A  white,  femi-tranfparent  apyrous  earth, 
which  flrikes  fire  with  fteel,  forms,  when 
incrufted  with  a  glazing  of  chryftalline 
earth,  a  kind  of  ware,  which  is  called  por- 
celain, or  true  china.  To  the  compofition 
of  this  fubftance  there  needs  an  apyrous 
clay,  which  by  burning  becomes  white, 
and  another  earth,  called  in  China  pe- 

E  tuntfe, 
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tuntfe,  which  ferves  to  bring  clay  to  a 
half-melted  ftate,  neceffary  to  its  femi- 
tranfparency. 


Along  with  the  pureft  clay  there  is  al- 
ways mixt  a  confiderable  quantity  of  lili- 
ceous  earth  j  the  more  there  is  of  this,  the 
lefs  it  is  necefTary  to  add,  in  order  to  pre- 
vent the  clay  from  cracking. 

cm. 

Siliceous  earth,  brought  into  fufion  by 
•  an  alkali,  forms  the  mofl  common  forts 
of  glafs. 

CIV. 

Glafs  may  be  made  to  receive  various 
colours,  by  means  of  metallic  calces  mixed 
up  with  the  other  compofition  before  it  is 
reduced  to  fufion :  glafs  thus  coloured  is 
called  Fluor, 

cv. 
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CV. 

When  the  colouring  additament  is  of 
fuch  a  nature  as  to  deprive  the  glafs  of  its 
tranfparency,  the  mafs  is  called  enamel. 

CVI. 

A  mafs  of  this  fort,  when  white  and  femi- 
tranfparent,  has  been  called  falfe  porcelain, 
Alfo  the  common  bottle  glafs  may  be  con- 
verted into  a  fubftance,  which,  in  its  ap- 
pearance as  well  as  its  other  properties, 
approaches  very  near  to  real  porcelain : 
this  is  called,  after  its  inventor,  Reaumur  s 
porcelain. 

CVII. 

All  thefe  different  forts  of  earthen  ware, 
in  order  to  be  brought  to  perfection,  re- 
quire a  confiderable  degree  of  knowledge 
as  well  as  practice,  as  well  with  regard  to 
the  nature  of  the  materials,  as  with  regard 
to  the  method  of  mixing  and  working 

E  2  them, 


52  TECHNICAL 

them,  the  degree  of  fire  proper  to  be  giver* 
them,  &c.  &c. 

/  CVIII. 

To  the  I'heiurgic  branch  of  cbemiftry 
belong  fuch  preparations  as  contain  a  con- 
.  fiderable  quantity  of  phlogifton.    Of  thefe, 
according  to  the  different  nature  of  the 
other  ingredients,  there  are  various  forts«. 

CIX. 

Sulphur  or  brimftone  [fee  212]  is  ap- 
plied to  a  variety  of  purpofes :  it  is  obtained 
by  diftillatiori  from  fulphureous  pyrites. 

CX. 

The  phofphorus  of  urine  [fee  215], 
which  is  likewife  a  kind  of  fulphur,  has 
been  applied  hitherto  to  no  other  purpofe 
than  that  of  chemical  experiment.  It  is 
ftill  very  dear ;  but,  with  proper  materials 
and  proper  management,  it  may  be  made 
at  very  little  expence. 


CXL 
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CXI. 

From  the  feeds  of  feveral  plants  are  ob- 
tained, by  preflure,  the  forts  of  oils  that  are 
called  the  fat  [unguinous] ,  or  exprefled  vegeta- 
ble Oils  [fee  229].  .  Some  of  them  become 
dry  by  time,  others  not,  and  they  are  ac- 
cordingly applicable  to  different  purpofes. 
There  are  likewife  certain  procefles,  by 
which  they  may  be  rendered  fitter  for  their 
refpective  ufes. 

CXII. 

From  the  animal  kingdom  expreffed  oils 
are  obtained  by  melting  [fee  226].  Sper- 
maceti is  a  fluid  fubltance  of  this  kind, 
which  ufed  to  be  obtained  only  from  the 
brain  of  certain  forts  of  whales  ;  but  flnce 
a  method  has  been  found  out  of  obtaining 
it  from  the  common  fluid  oil  extracted 
from  thofe  fifh,  the  price  of  it  is  confidera- 
bly  fallen.  Spermaceti,  when  purified, 
is  the  beff.  fubfbance  to  make  candles  of 
any  that  is  yet  known. 

E  3  .  CXIIL 
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CXIII. 

The  expreffed  oils,  as  well  animal  as 
vegetable,  combined  with  alkaline  falts, 
form  feveral  forts  of  foaps,  which  are  of 
different  flnenefs  and  goodnefs,  according 
to  the  nature  of  the  ingredients . 

cxiv.  ' 

The  ejfential  oils  [fee  227]  are  obtained 
for  the  moft  part  only  by  dirt  illation 
though  fome  of  them,  fuch  as  the  oils  of 
oranges  and  lemons,  are  obtained  by  fimple 
prelfure.  The  principal  of  thofe  that  are 
prepared  in  the  large  way,  are  obtained 
from  the  Indian  fpices :  they  are  all  ex- 
pofed  to  a  number  of  adulterations.  Che? 
miftry,  however,  is  able  not  only  to  dif- 
cover  the  fraud,  but  frequently  alfo  to  de- 
termine the  quantity  and  quality  of  the, 
lpurious  matter, 


jPXV, 
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cxv* 

Sweet-fcented  waters  are  prepared  from 
cflential  oils  diflblved  in  fpirits  of  wine. 

CXVL  . 

Brandy,  fpirits  of  wine  [fee  233],  and 
alkobol  [fee  234],  are  often  prepared  in 
the  large  way ;  but  the  feveral  kinds  of 
Ether  [fee  231,  232],  are  hardly  made  any 
where  but  in  chemical  laboratories,  and 
apothecaries  mops. 

CXVIL 

The  preparation  of  gunpowder  [fee  236] 
is  a  fubject  the  more  particularly  intereft- 
ing,  inafmuch  as  the  art  of  war,  as  prac- 
tifed  in  modern  times,  in  a  great  meafure 
depends  upon  it.  The  three  great  objects 
h  ;re  are  to  make  it  of  the  ftrongeft  quality, 
at  the  cheapen:  rate,  and  in  the  fafeft 
manner. 
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CXVIII. 

To  this  head  likewife  belong  the  feveral 
contrivances  for  making  the  different  forts 
of  combuftibles  that  are  made  ufe  of,  ei- 
ther in  war,  or  for  paftime.  This  art  is 
commonly  called  Pyrotechny,  or  the  art  of 
lire-working.  The  principal  defideraturn 
here,  is  the  art  of  making  a  pure  green  fire, 
for  which,  however,  chemiflry  affords  fe- 
veral expedients. 

*  ••  CXIX. S 

As  the  colours  of  bodies  depend  on  the 
reflection,  tranfmifilon,  and  refraction  of 
the  rays  of  light ;  and  as  the  changes,  thus 
undergone  by  the  light,  feem  to  depend 
upon  the  phlogifton  contained  in  the  fub- 
ftanccs  concerned ;  it  follows,  that  the  fe- 
veral ,  contrivances  for  fixing  colours  on 
different  bodies,  naturally  belong  to  tjjfi 
Theiurgk  branch  of  chemiflry. 

CXX. 
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cxx. 

Dying  is  the  name  given  to  the  art, 
which,  by  impregnating  a  fubflance  with 
a  liquor  prepared  for  the  purpofe,  beftows 
on  it  the  colour  which  is  defired.  The 
preparation,  which  the  fubflance  to  be  dyed 
is  made  to  undergo,  by  means  of  certain 
falts,  in  order  to  make  it  take  the  colour 
the  better,  is  called  fleeping. 

CXXI. 

This  art  is  diftinguifhed  into  feveral 
branches,  according  to  the  nature  of  the 
fubflances  to  be  dyed  -y  the  principal  of 
which  are  wool,  filk,  cotton,  and  linen. 
Thefe  fubflances  differ  very  much  with  re- 
gard to  the  degree  of  facility  with  which 
they  receive  colours :  wool,  the  eafiefl 
after  v/ool,  filk  cotton  and  linen  receive 
find  retain  them  with  the  greatefl  difficulty. 
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CXXIL 

Linen,  in  order  to  be  rendered  fufcepti- 
ble  of  certain  colours,  muft  receive  an  im- 
pregnation from  fome  animal  fubflance. 
As,  by  this  means,  it  is  brought  nearer  to 
the  nature  of  wool,  or  other  fuch  animal 
productions,  the  procefs  may  be  called 
animalization. 

CXXIII. 

The  goodnefs  of  a  colour  depends  not 
merely  on  its  beauty  and  brilliancy,  but 
alfo  on  its  capacity  of  fuftaining  the  influ- 
ence of  the  fun  and  weather  unaltered ;  to 
which  may  be  added,  in  cloaths  of  a  ve- 
getable origin,  their  capacity  of  fuftaining 
the  action  of  foap  in  warning  without 
change, 

CXXIV. 

By  means  of  chemiftry  many  difcoveries 
have  of  late  been  made,  as  well  in  refpecl 

6  to 
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ganefe :  both  of  which  flrongly  attract 
phlogiflon.  When  nitre  is  employed,  the 
acid,  combining  with  the  phlogiflon  which 
gave  colour  to  the  mafs,  flies  off  with  it. 
The  manganefe,  on  the  contrary,  com- 
bining with  a  certain  proportion  of  phlo- 
giflon, detains  it,  forming  with  it  a  com- 
pound which  is  colourlefs ;  though  in  any 
other  proportions  its  particular  colour 
always  appears. 

CXXXII. 

To  be  able  to  preferve  inflammable  fub- 
flances  from  conflagration,  is  doubtlefs  an 
objecl  of  a  mofl  capital  nature,  on  which, 
of  late  days,  much  fludy  has  been  em- 
ployed j  and,  as  is  fhewn  by  the  experi- 
ments which  have  been  made,  not  without 
confiderable  fuccefs.  The  wood- work  of 
houfes  may  be  made  to  refifl  fire  a  long 
while,  by  being  covered  over  with  clay. 
Wood  and  paper,  well  impregnated  with  a 
lixivium  of  pearl-afhes,  will  not  catch 
fire.    Alum  and  common  fea-falt,  &c. 

will 
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will  produce  the  fame  effect.  Another 
property  of  a  folution  of  fea*falt  is,  that  it 
does  not  eafily  freeze  -}  on  which  account 
it  may  be  employed  with  particular  ad- 
vantage in  quenching  fires,  which  happen 
in  the  cold  feafon.  A  way  of  doing  this 
is,  by  filling  with  the  folution  hollow  balls 
or  cylinders  of  thin  iron,  which,  upon  be- 
ing thrown  into  the  fire,  burfl  with  great 
violence,  fcattering  the  fait  water  all 
around. 

CXXXIII. 

Under  the  ivletallurgic  branch  of  che~ 
mifhy  are  comprifed  the  feveral  proccfTes, 
whereby  the  metals  are  extracted  from 
their  ores,  purified  and  rendered  applicable 
to  a  variety  of  purpofes. 

CXXXIV, 

The  bufinefs  of  determining  the  purity 
of  metals,  and  other  mineral  fubftances, 
by  experiments  made  in  the  fmall  way, 

conflitutes 
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xo  novelty  of  colour,  as  conftancy  of  du- 
ration, and  certainty  of  effect.  A  few  ex- 
amples will  fufrice  :  filk  may  now  be  made 
to  receive  the  deepeft  fcarlet  j  cotton  the 
red  Turkifh  colour,  in  different  ways ;  li- 
nen a  true  black.  In  feveral  cafes,  Pruf- 
•fian  blue  may  now  be  fubftituted  in  the 
room  of  indigo ;  and  even  this  dear  colour 
may  now ,  in  feveral  inffances,  be  employed 
to  better  advantage  than  before. 

CXXV. 

Painting  is  an  operation  altogether  difr 
ferent  from  dying :  in  the  former  cafe,  a 
fubftance  of  fome  thicknefs  is  fuperinduced 
uprn  that  which  is  to  be  coloured  j  in  the 
latter,  by  means  of  a  kind  of  attraction, 
the  fubftance  in  queftion  is  covered  with  a 
merely  fuperficial  ftratum  of  fuch  particles 
as  reflect  the  rays,  which  exhibit  the  colour 
we  defire.  That  procefs,  by  which  a  thin 
colouring  is  given  to  wood,  horn,  leather, 
bones,  &c.  may  be  conceived  as  fomething 
between  the  former  two.    In  this  latter 

cafe, 
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cafe,  fometimes  the  fubftance  is  only  warned 
over  with  the  colouring  tincture,  fome- 
times it  is  fet  to  fteep  in  it. 

|\\        I  "',  f    |      CXXVI.  '  -k  m 

The  method  of  painting,  in  which  the 
colours  are  employed  dry,  is  called  faint- 
ing in  crayons :  and  this  kind  of  work  has 
alfo  received  improvements  of  late  in  point 
of  durability.  In  the  more  common  kinds 
of  painting,  the  colouring  materials  are 
ground  and  mixed  with  oil,  water,  or  fpi- 
rit  of  wine,  according  to  the  purpofe  which 
is  in  view.  In  ail  thefe  cafes,  it  is  only 
the  production  and  attachment  of  the  co- 
louring matter  that  comes  under  the  de- 
partment of  chemiftry.  The  defign  and 
delineation  of  the  figures  belongs  to  a 
particular  art,  which  ought  not  to  be 
confounded  with  that  which  refpecls  only 
the  nature  and  preparation  of  the  colours. 


CXXVII, 
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CXXVII. 

To  this  head  alfo  belong  the  different 
coloured  inks  ;  of  which  thofe  kinds  are 
called  fympathetic,  which  remain  invifible, 
until  the  colour  is  brought  forth  by  heat, 
or  by  fome  other  means.  By  means  of 
thefe  inks  many  pretty  effects  may  be  pro- 
duced in  drawings. 

CXXVIII. 

The  black,  and  other  colours  which  are 
ufed  by  printers  and  engravers,  and  are 
ftamped  on  by  plates,  blocks,  or  types,  re- 
quire great  nicety  in  the  compofition,  in 
order  to  their  being  made  to  anfwer  per- 
fectly. 

CXXIX. 

To  take  away  other  colours  is  likewife 
an  object  in  fome  cafes,  in  order  to  obtain 
a  perfect  white  :  for  this  purpofe,  accord- 
ing to  circumftances,  different  expedients 
are  employed.    Bleaching,  for  example, 

upon 
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upon  linen ;  and  the  fumes  of  fulphur' 
upon  filk  and  wool. 

cxxx. 

There  is  likewife  a  method  of  applying 
colours  by  fufion  in  the  dry  way.  Exam- 
ples of  this  are  the  different  colours  given 
to  fealing-wax  :  formerly  the  blue  was  very 
much  efteemed ;  but  it  is  generally  be- 
lieved, that  the  art  of  making  it  is  loft. 
The  coloured  glaiTes  are  made  by  melting 
common  glafs  with  the  metallic  calces  ; 
and  they  are  at  pleafure  rendered  tranfpa- 
rent  or  opake.  By  thefe  means  china  may 
be  made  to  receive  colours,  which  after- 
wards muft  be  burnt  in. 

_  '  <  CXXXI. 

In  this  way  alfo  it  is,  in  many  cafes,  an 
object  to  difcharge  colours  out  of  fufible 
fubftances,  whether  tranfparent  or  opake. 
To  obtain  glafs  colourlefs,  befides  the  or- 
dinary materials,  it  is  neceflary  fometimes 
to  employ  nitre,  and  frequently  alfo  man- 

ganefe : 
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conftitutes  a  particular  art,  which  is  termed 

the  art  of  aflayingi 

s  CXXXV; 

Such  experiments  made  on  ores  are  of 
great  importance,  with  a  view  to  the  cor- 
reiponding  works  which  are  carried  on  in 
the  large  way;  hnce  by  thefe  means  we 
are  enabled  to  determine,  at  a  very  fmall 
expence,  whether  the  latter  are  likely  to  be 
carried  on  to  advantage. 

CXXXVI. 

To  find  out  the  cheaper!:,  and  beft  adapted 
procefs  for  fmelting  an  ore,  according  to 
the  nature  of  the  mineral,  and  the  circum- 
flances  of  the  place,  is  a  chemical  problem 
which  furely  is  none  of  the  eahen:  to  re- 
folve. 

cxxxvii. 

Mod  metals,  after  they  have  been  ex- 
tracted from  their  ores,  mult  undergo  a 
variety  of  other  operations,  before  they 

F  can 
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can  be  rendered  perfectly  pure.  Iron  muft 
be  melted  again  and  hammered  >  copper 
muft  be  purified  ;  filver  and  gold  muft  be 
fubjected  to  the  tefl,  refined  from  the 
bafer  metals,  and  feparated  from  one  ano- 
ther. 

CXXXVIII. 

Iron  is  very  much  improved  by  its  con- 
verfion  into  fteeL 

CXXXIX. 

In  the  bufmefs  of  compounding  metals 
great  care  is  required,  partly  in  order  to 
avoid  wafte  in  the  operation,  partly  in  or- 
der to  produce  a  compound,  which  fhall 
pofTefs  the  properties  required ;  partly  alfo 
to  prevent  any  lofs,  that  might  happen  to 
the  buyer  or  the  feller,  for  want  of  a  know- 
ledge of  their  value. 

CXL. 

Copper  combined  with  zinc  produces, 
according  to  the  different  proportions  em- 
3  ployed, 
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ployed,  brafs,  Pinchbeck,  fimilor,  and  other 
mixtures  3  and,  when  combined  with  tin, 
makes  bell-metal.  With  gold  and  filver 
a  certain  proportion  of  it  is  combined,  in 
order  to  make  them  harder.  Tin  with 
lead  forms  pewter  ;  with  mercury,  it  forms 
the  fubftance,  which,  being  applied  to  the 
back  of  glais-plates,  gives  them  the  name 
of  looking-glaffes. 

CXLI. 

Afiays  are  neceffary  for  inveftigating  the 
nature  of  all  thefe  feveral  compofitions  j 
particularly  of  thofe  in  which  gold,  filver, 
or  tin  are  ingredients  t  and  for  this  pur- 
pofe  are  inflituted,  in  many  countries,  par- 
ticular officers,  under  fome  fuch  name  as 
aflay-officers,  whofe  bufmefs  it  is  to  have  a 
vigilant  eye  upon  the  goodnefs  and  ge- 
nu inefs  of  thofe  articles. 

CXLIL 

Metals  are  brought  into  the  form  re- 
quired, either  by  melting  or  by  hammering, 

F  2  In 
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In  thcfe  operations,  it  is  necenary  to  know 
how  to  manage  the  fire  properly,  in  order 
to  make  fare,  that  in  the  firfl  cafe  the 
mafs  fhali  receive  its  proper  degree  of  flu- 
idity ;  in  the  fecond  cafe,  that  it  mail  nei- 
ther be  calcined  by  the  violence  of  the  fire, 
nor  break  under  the  hammer. 

CXLIII. 

In  fome  of  the  articles  that  are  made  in 
metal,  either  the  furface  is  to  receive  a  po- 
lifh,  or  a  coating  of  fome  other  metal  is  to 
be  given  to  it :  thus,  copper  is  covered 
with  tin,  filver  is  boiled  white,  brafs  is 
plated  over  with  filver,  and  filver  with  gold. 
Gold,  by  being  mixed  with  different  alloys, 
is  made  to  receive  different  colours,  as  is 
feen  in  many  of  the  trinkets  that  are 
made  of  that  metal. 

CXLIV, 

Various  metals  require  alfo  various  fol- 
ders^ in  order  to  join  one  piece  to  another  ; 
as  alfo,  various  coatings,  in  order  to  pre- 

ferve 
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ferve  them  againfr  the  effects  of  the  cor- 
rofive  menftrum  with  which  air  and  water 
are  impregnated.  To  cover  copper  with 
fomething  that  lhall  render  it  more  fafe  to 
ufe  than  it  is  rendered  by  the  common  me- 
thod of  covering  it  with  tin  ;  to  cover  iron 
with  fome  innoxious  fubflance  that  mall 
preferve  it  from  raft,  &c.  are  problems  of 
no  fmall  importance  to  mankind. 

CXLV. 

The  opijjfiary  manufacturing  branch  of 
chemiffry,  treats  of  the  lights  that  certain 
arts  and  manufactures  which  are  carried 
on  in  the  large  way  may  need  from  che- 
miftry ;  although  they  do  not,  like  thofe 
hitherto  fpoken  of,  depend  altogether  Upon 
that  fcience. 

\V  ^      CXLVI.  *Mf» 

To  this  head  belong,  in  particular,  the 
feveral  proceffes  for  preparing  furs,  leather, 
hides,  fkins,  and  parchment ;  all  of  which 
jtand  in  need  of  different  methods  of  treat- 

F  3  ment> 
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merit,  in  order  to  render  them  fit  for  their 
refpective  ufes. 

CXLVH. 

Furs  are  prepared  with  fat,  and  a  folu> 
tion  of  fea-falt.  Thofe  hides,  of  which 
the  fkin  alone  is  made  ufe  of,  are  prepared 
with  lime  or  acidulated  waters,  in  order  to 
take  off  the  hair  and  fat  >  the  hardnefs  re- 
quired is  then  produced  by  aftrin gents,  the 
foftnels  by  fat  fubftances. 

CXLVIII, 

Thefe  procefies,  when  conducted  in  the 
common  manner,  take  up  a  considerable 
length  of  time  j  but  this  might  undoubt- 
edly be  much  fhortened,  fmce,  by  means 
of  a  proper  knowledge  of  the  fubjec~L 
leather  has  actually  been  as  well  prepared 

in  four  weeks  as  it  commonly  is  in  four 
months. 
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CXLIX. 

In  the  woollen  manufacture  the  wool 
muft  be  properly  cleanfed  5  the  chain  pro- 
perly glued  j  and  the  cloth  properly  fulled. 

CL, 

In  the  (ilk  manufacture,  the  rawnefs 
muft  be  taken  off  from  the  filk,  which  is 
entirely  a  chemical  operation. 

CLI. 

In  the  linen  manufacture,  there  occur 
likewife  feveral  operations  which  come  un- 
der the  department  of  chemifrry.  To  this 
head  may  likewife,  with  propriety,  he  re- 
ferred the  preparation  of  the  various  forts 
of  paper. 

CLII. 

Different  forts  of  glue,  11  zc,  and  paftc, 
£i*e  made  ufe  of  for  different  purpofes. 


CLIIL 
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CLIII. 

For  the  ufe  of  engravers,  a  kind  of  film 
or  varnifh  is  required,  in  order  to  fecure  the 
copper  from  being  corroded  every  where, 
except  in  certain  places.  This  varnifh,  or 
etching  wax  as  it  is  called,  fhould  be  made 
in  fuch  manner,  as  that  it  may  be  eafily 
taken  off  when  done  with. 

CLIV. 

In  the  difcharging  of  fpots  from  the  fe- 
veral  forts  of  cloths,  it  is  necefTary  to  know, 
in  each  cafe,  not  only  what  menfrrua  are 
adapted  to  diflblve  and  carry  off  the  adven- 
titious fubflance,  but  likewife  how  to 
chufe  fuch  as  are  innocent  and  will  do  no 
harm,  either  to  the  colour  or  the  fluff. 

CLV, 

The  mofl  proper  and  cheaper!:  covering  for 
prefer ving  wood  from  putrefaction,  and  for 
keeping  off  worms  from  that  part  of  a  fhip 

which 
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which  is  under  water ;  the  eafieft  method 
of  detecting  ad  alteration  in  wines  and  other 
merchandife,  &x.  are  objects  of  the  great- 
er!: confequence  to  the  public.  Many  more 
examples  muft  be  continually  occurring  to 
a  man  who  pays  any  degree  of  attention  to 
the  fubje<5t,  on  which  account  we  fhall 
pafs  them  over. 

CLVI. 

From  all  that  has  been  faid,  it  evidently 
appears,  that,  as  well  in  private  families  as 
in  various  manufactories,  a  multitude  of 
operations  are  continually  occurring,  which 
indubitably  are  of  a  chemical  nature.  They 
are  not,  it  is  true,  at  leaft  not  all  of  them, 
indebted  to  chemiftry  for  their  having  ar- 
XI  ved  at  that  degree  of  perfection  to  which 
we  fee  them  now  advanced.  Some  of  thefe 
arts  owe  their  firfl  difcovery  to  chance : 
thefe  oftentimes  remained  a  confiderable 
time  in  an  unimproved,  and,  as  it  were, 
in  a  barren  Jftate  -f  at  lafl  fome  man 
arofe,  who,  by  a  happy  combination  of 

courage 
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courage  and  ingenuity,  ffruck  out  improve- 
ments, and  endeavoured  to  turn  them  to 
account:  and  thus  it  has  been  that  pioceffes, 
which  at  firrr.  were  altogether  imperfect 
and  ill-contrived,  by  dint  of  flow  and  fuc- 
cedive  efforts,  aided  by  lights  collected 
from  accidental  obfervation,  have  been 
brought  to  a  ftate  of  perfection,  far  exceed- 
ing what  could,  in  thofe  early  days,  have 
been  expected.  But  all  this  bufmefs  has, 
commonly  gone  on  very  flowly,  partly  be- 
caufe  fuch  people  only  have  been  concern- 
ed, who,  deftitute  of  all  fcientific  acquisi- 
tions, had  no  choice  left  but  to  toil  on 
in  the  track  of  blind  experiments  partly  bc- 
caufe  thefe  employments  being  all  they  had 
to  truft  to  for  their  fupport,  they  therefore 
naturally  made  a  point  of  keeping  their 
invention  fecret,  which  on  that  account  fre* 
quently  died  with  the  inventors. 

CLVit 

The  obtaining  of  circumftantial  accounts 
of  the  progrefs,  but  more  particularly  of 

the 
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the  prefent  (late  of  the  arts,  cannot  there- 
fore fail  to  be  lo.  ked  upon  as  a  great  ftep 
towards  their  improvement.  'Tis  from 
hence  that  chemiflry  might  derive  intelli- 
gence of  many  remarkable  phenomena, 
which  before  were  not  known  but  in  ma- 
nufactories. She,  on  her  part,  far  from 
being  ungrateful,  would  be  always  ready  to 
give  in  return  a  rich  flock  of  ufeful  hints 
and  explanations,  to  all  who  would  think 
it  worth  their  while  to  confult  her.  It  is 
evident  that,  letting  alide  thofe  mechanical 
changes  which  are  occupied  only  with  the 
configuration  of  the  furface,  and  therefore 
have  nothing  to  do  here,  there  can  be  no 
other  ways  of  operating  on  bodies,  but  ei- 
ther by  feparating  fomething  from  them, 
or  compounding  them  anew :  but  it  is  ac- 
cording to  the  laws  of  elective  attraction 
[fee  30],  that  both  feparation  and  combi- 
nation are  performed  ;  confequently  it  is 
from  the  knowledge  of  thofe  laws,  that  the 
cleareil  lights  and  moil  effectual  aftiftances 
are  to  be  derived.  A  chemifr,  indeed,  can- 
not create  the  original  materials ;  yet,  by 

means 
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means  of  fuch  metliods  as  the  fciencc 
teaches  him,  he  can  put  thofe  materials  into 
fuch  circumftances,  that,  according  to  the 
different  proportions  and  proceffes  employ- 
ed, they  fhall  become  combined  in  various 
manners ;  and  by  thefe  means  various  bo- 
dies mail  be  produced,  either  fimilar  to 
fuch  as  nature  has  prepared  already,  or  even 
altogether  new,  and  both  forts  fo  modified, 
as  to  be  adapted  to  the  various  ufes  to 
which  we  wifh  to  apply  them. 

OF  NATURAL  BODIES  IN 
GENERAL. 

kHr  i  CLVIII.      V-  p  fj^"r 

Such  is  the  variety  of  the  bodies  which 
compofe  the  fubftance  of  this  our  globe, 
as  cannot,  upon  a  nearer  inflection,  but 

excite 
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excite  our  admiration  of  the  infinite  power 
of  the  Creator. 

CLIX. 

Upon  a  general  view,  thefe  bodies  may  be 
divided  into  two  great  claffes  5  one  of  them 
compofed  of  fuch  bodies  as  are  made  up 
of  velfels  and  tubes,  which  carry  up  or  give 
lodgment  to  the  various  juices  deftined  to 
contribute  to  the  growth  and  nourifhment 
of  their  refpeclive  bodies.  Thefe  bodies 
are  called  organized^  and  are  again  diftin- 
guifhed  into  fuch  as  poflefs  fenfation ;  to 
wit,  animals,  and  thofe  which  feem  deftitute 
of  that  faculty,  to  wit,  vegetables. 

CLX. 

The  other  great  clafs  is  compofed  of  fuch 
bodies  as  are  unorganized.  Thefe  are  com- 
pofed of  parts  fuperflcially  cohering,  which 
have  no  internal  velfels  or  tubes  for  the 
conveyance  of  any  nutritious  juices,  but 
grow  no  otherwife  than  by  a  fimplc  juxta- 
pofition.    Of  thefe  the  organic  bodies  are 

compofed, 
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compofed,  and  may  accordingly  be  again 
refolved  into  them.  The  organic  are  the 
work  of  nature  only ;  the  unorganic  may 
alio  be  produced  by  art. 

CLXI. 

The  unorganized  bodies  may  be  diftin- 
guifhed  into  fix  kinds  :  i.  falts  j  2.  earths* 
3.  inflammable  fubftances  j  4.  metals ;  5. 
water;  6. 'air.  Thefe  two  laft  might  per- 
haps, not  without  reafon,  be  ranked  under 
one  or  other  of  the  preceding  claries  ;  but, 
till  we  have  obtained  a  more  intimate  know- 
ledge of  them,  it  may  be  as  well  to  give: 
them  a  feparate  confideratiom 
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r,>:j  CLXIL 

The  name  of  fait  may  be  given  to  any 
body  which  excites  a  pungent  tafte  on  the 

tongue. 
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tongue,  and  combines  with  water  fo  as 
not  to  require  more  than  five  hundred 
times  its  own  weight  of  that  men#ruum.j 
when  boiling,  to  diilblve  it. 

CLXIII. 

The  tafte  and  folubility  are  properties  of 
which  it  is  difficult  to  fix  the  limits  :  the 
former  depends  on  the  perfection  of  our 
organs ;  infomuch  that  what  appears  infi- 
pid  to  one  man,  appears  fapid  to  another, 
and  can  therefore  never  be  meafured  with 
any  exactnefs. 

CLXIV.  , 

In  regard  to  folubility,  the  degree  in  which 
this  property  is  pofTefTed  by  bodies,  is  dim^ 
cult  enough  to  determine  j  inafmuch  as  it 
depends  partly  upon  the  furface  of  the 
body  to  be  diflblved,  and  partly  upon  the 
heat  of  the  menftruum.  It  happens,  in 
many  infliances,  that  a  portion  of  the  body 
in  queftion,  which  will  not  dilfolve  when 
mtire,  may  be  made  to  dhTolve  only  by  be- 
ing 
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ing  reduced  to  powder ;  and  when  the  me  - 
chanical method  of  performing  that  opera- 
tion proves  ineffectual,  the  purpofe  may 
oftentimes  be  effected  by  a  chemical  one  j 
to  wit,  by  firff  diffolving  the  body  in  a 
ftrong  menftruum,  and  then  feparating  it 
in  the  way  of  precipitation.  The  different 
degrees  of  folubility  thus  produced,  de- 
pend, it  is  evident,  on  the  magnitude  of 
the  furface ;  as  the  greater  this  is,  the  more 
numerous  are  the  points  of  contact,  between 
the  folvend  and  the  menftruum,  and  iii 
that  proportion  confequently  the  force  of 
the  attraction  is  augmented. 

CLXV. 

Water  is  the  more  fubtle  and  penetrating 
the  warmer  it  is.  Accordingly,  a  fubftance 
which  does  not  diffolve  in  cold  water,  is 
oftentimes  diffoived  in  warm ;  and  again, 
a  fubftance  which  cannot  be  diffoived  by 
limple  boiling  with  water  in  open  veflels, 
is  oftentimes  diffoived  in  clofe  veflels,  in 
which  the  water  can  be  made  to  imbibe  a 
greater  degree  of  heat. 

CLXVL 
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CLXVI. 

By  the  help  of  thefe  confiderations  it 
mould  feem,  that  an  artificial  boundary 
might  be  fet  up,  by  which  faline  bodies 
might  be  difringuifhed  from  fuch  as  are 
not  faline,  with  a  tolerable  degree  of  ac- 
curacy.    Thofe  may  be  deemed  faline, 
which  may  be  made  to  diffolve  without  be- 
ing reduced  to  a  powder  finer  than  that 
to  which  they  may  be  reduced  by  mecha- 
nical means  only,  and  without  any  more 
boiling  water  than  five  hundred  times  their 
own  weight,  and  that  in  open  veffels  (c). 

CLXVIL 

Salts  may  be  diftinguifhed  into,  firfl, 
the  fimple  ones,  to  wit,  thofe  which  che- 

(c)  The  productions  of  nature  are  linked  together,  as 
it  were,  in  an  uninterrupted  chain  ;  in  which,  though  we 
can  evidently  enough  diltinguifh  any  two  remote  links 
from  one  another,  it  is  but  feldom  we  can  diilinguilh  any 
two  that  are  contiguous. 

G  miflry 
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miftry  has  not  yet  been  able  to  decompofe ; 
and,  fecondly,  compound,  of  which  the 
analyfis  and  fynthefis  are  already  known. 

I  CLXVIII. 

The  fimple  ones  are  either  acids  or  al- 
kalis. 

|       .  CLXIX,  '  « 

Acid  is  the  name  given  to  thofe  falts 
which  are  four  to  the  tafte,  which  colour 
blue  vegetable  juices  red,  and  effervefce 
with  chalk. 

CLXX. 

Thefe  are  further  divided  into  the  mi- 
neral acids,  being  fuch  as  are  obtained 
chiefly  from  the  mineral  kingdom ;  the 
vegetable,  being  fuch  as  are  obtained  from 
the  vegetable  kingdom ;  the  animal,  being 
fuch  as  are  obtained  from  the  animal  king- 
dom ;  and  laftly,  fuch  as  are  obtained  from 
all  kingdoms  alike, 

CLXXL 
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CLXXI. 

The  mineral  acids  already  known  are  fix: 
the  vitriolic,  the  nitrous,  the  marine,  the 
acid  of  fpar,  the  acid  of  arfenic,  and  that 
of  borax  (d).  Thefe,  all  of  them,  differ  from 
one  another  in  fmell,  fpecific  gravity,  and 
volatility ;  but  molt  explicitly  in  refpecl:  to 
their  different  attractive  powers,  and  the 
compounds  they  form  with  alkalis,  earths, 
and  metals. 

CLXXII. 

There  are  certainly  a  great  variety  of 
vegetable  acids,  though  as  yet  we  are  ac- 
quainted with  but  few  of  them  :  thefe  are 
the  acids  that  are  refpeclively  found  in  fu- 
gar,  in  tartar,  in  forrel,  in  lemon -juice, 
and  in  vinegar. 

CLXXIII. 

Of  the  animal  acids  that  are  known,  the 
number  is  yet  fmaller  :  they  are  commonly 

(d)  To  which  may  be  added,  the  Acidum  Molybdene ,  lately 
difcovered  by  Mr.  Scbeeh.  Act  Stockh.  1778. 

G  2  reckoned 
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reckoned  two ;  to  wit,  that  which  is  found 
in  ants,  and  that  which  is  the  characleriftic 
ingredient  in  phofphorus.  Yet  this  laft  is 
not  only  found  in  great  quantities  in  the 
vegetable  kingdom,  but  has  likewife  been 
found  in  certain  mineral  fubftances. 

CLXXIV. 

The  aerial  acid  is  found  in  all  the  three 
kingdoms  in  large  quantities. 

CLXXV. 

Alkaline  falts  have  a  peculiar  kind  of 
tafte,  which,  being  like  that  of  lixivium  of 
wood-afhes,  may  be  called  lixivious.  They 
change  blue  juices  of  vegetables  into  green, 
and  combine  readily  with  acids. 

CLXXVI. 

Of  alkalis  we  know  only  of  three  forts : 
two  of  them  fixt,  the  other  volatile. 


CLXXVII. 
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CLXXVII. 

The  vegetable  fixt  alkali  is  obtained  com- 
monly from  the  allies  of  trees,  which  have 
deciduous  leaves ;  but  the  pureft  fort  is 
obtained  from  burnt  tartar  (<?). 

CLXXVIII. 

The  mineral  fixt  alkali  is  found  natu- 
rally by  itfelf  in  feveral  places.  It  may 
likewife  be  extracted  from  the  allies  of  ma- 
rine plants,  efpecially  from  the  foda. 

CLXXIX. 

The  volatile  alkali  is  obtained  the  pureft 
from  fal  ammoniac ;  lefs  pure  from  ani- 
mal and  vegetable  fubftances.  It  has  an 
acrid  tafte  and  fetid  fmell. 

[e)  That  which  is  called  pot-afh  has  many  heteroge- 
neous fubftances  mixed  with  it 
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CLXXX. 

The  alkaline  falts,  upon  being  burnt, 
lofe  a  portion  of  that  quantity  of  aerial 
acid  with  which  they  are  generally  more  or 
lefs  combined.  By  quick  lime,  which  has 
a  ftronger  attraction  for  that  fubtle  acid, 
they  may  be.  entirely  freed  from  it  j  and 
then  they  are  termed  cauftic.  In  this  flate 
they  are  acrid  and  corrofive,  attract  moifture 
ftrongly,  produce  heat,  but  do  not  effcr- 
vefce  with  acids.  The  more  aerial  acid  they 
contain,  the  milder  they  are^,  the  eafier  to 
bring  to  a  ftate  of  chryftallization,  and  the 
more  violently  they  erTervefce  when  a 
ftronger  expels  from  them  this  weaker  acid, 

CLXXXI, 

The  compound  falts  are  diflinguilliable 
into  the  neutral  falts,  and  the  fales  medii 
or  middle  falts ;  the  former  do  not  yield 
any  precipitate  upon  the  addition  of  an  al- 
kali, the  latter  do. 


CLXXXII. 
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clxxxh. 

Neutral  is  the  epithet  given  to  thofe 
falts  which  confift  of  an  acid  united  with 
an  alkali.  In  fuch  combinations  the 
former  is  frequently  called  the  menjlruum, 
the  latter  the  bafis. 

CLXXXIII, 

If  the  component  falts  are  perfectly  fa- 
turated  with  each  other,  they  are  called 
perfectly  neutral  falts  ;  and  of  this  kind  are 
the  greater  part  of  thofe  which,  neither  in 
refpect  of  their  tafte,  nor  in  refpect  of  their 
action  on  other  fub'ftances,  refemble  the 
fimple  falts.  The  cafe  is  the  reverfe  with 
thofe  that  are  ftiled  the  imperfcBly  neutral 
falts,  in  which  one  of  the  elements  predo- 
minates over  the  other. 

GLXXXIV. 

Of  the  perfectly  neutral  falts,  the  follow- 
ing are  thofe  which  are  moft  known :  the 

G  4  vitriolic 
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vitriolic  acid,  combined  with  the  vegetable 
fixed  alkali,  gives  what  is  called  vitriolated 
tartar,  more  properly  vitriolated  vegetable 
alkali  ;  with  the  mineral  fixt  alkali,  Glau- 
ber's fait,  more  properly  the  vitriolated 
mineral  alkali  j  with  volatile  alkali,  Glau- 
ber's fecret  fait,  more  properly  vitriolated 
volatile  alkali.  The  nitrons  acid,  with  the 
vegetable  alkali,  makes  nitre,  or  nitrated 
vegetable  alkali ;  with  mineral  alkali,  cu- 
bic nitre,  or  nitrated  mineral  alkali ;  with 
volatile  alkali,  inflammable  nitre,  or  ni- 
trated volatile  alkali.  The  marine  acid, 
with  vegetable  alkali,  gives  the  digeftive  fait 
of  Sylvius,  more  properly  falited  vegetable 
alkali ;  with  mineral  alkali,  the  common  or 
fea-falt  ;  with  volatile  alkali,  fal  ammoniac, 
or  falited  volatile  alkali.  The  acetous 
acid,  or  acid  of  vinegar,  with  vegetable  al- 
kali, conflitutes  the  terra  foliata  tartaric 
or  acetated  vegetable  alkali ;  with  mineral 
alkali,  acetated  mineral  alkali ;  with  vola- 
tile  alkali,  fpiritus  min&creriy  or  acetated 
volatile  alkali. 


CLXXXV. 


OF      SALTS.  «9 


CLXXXV. 

To  the  clafs  of  imperfectly  neutral  falts 
belongs  tartar,  which  confifts  of  vegetable 
alkali  combined  with  a  greater  proportion 
of  the  acid  of  tartar  than  is  neceflary  to 
faturate  it.  Upon  faturating  the  acid  with 
the  alkali,  there  remits  a  perfectly  neutral 
fait,  commonly  called  tartarized  tartar,  or 
ibluble  tartar  j  more  properly  tartarized 
vegetable  alkali.  The  borax  confifts  of 
mineral  alkali,  which  is  not  perfectly  fa- 
turated  with  the  boracic  acid. 

CLXXXVI. 

The  compound  neutral  falts  are  befides 
diftinguifhable  into  fuch  as  are  double, 
which  are  the  moll  common ;  triple,  which 
are  compofed  of  three  elements  at  once, 
which  is  the  cafe  of  the  Rochelle  fait,  or 
fait  of  Seignette ;  quadruple,  &c.  &c. 


-  s 
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CLXXXVII, 

Middle  falts  is  the  name  given  to  thofe, 
of  which  one  only  of  the  elements  is  fa- 
line  ;  the  other  not  being  by  itfelf  foluble 
in  water,  but  being  rendered  fo  by  its 
conjunction  with  that  which  is  foluble. 

CLXXXVIII. 

If  the  bafis  is  an  earth  [fee  192],  the 
compound  may  be  called  an  earthy  fait ;  if 
a  metal,  a  metallic  fait  [fee  239].  Thefe 
laft  may  almofb  all  of  them  be  diftinguifhed 
by  means  of  the  phlogifticated  alkali, 
which  precipitates  metals  diffolved  in  acids, 
each  with  a  peculiar  colour. 

CLXXXIX. 

Each  of  thefe  kinds  are  again  diftin- 
guifhable  into  double  ones,  triple  ones, 
and  fo  forth, 
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cxc. 

The  metallic  felts  exhibit  yet  another  di^ 
verfity  which  refpefts  the  nature  of  the 
menftruum  :  fome  metals  being  foluble  by- 
alkalis  as  well  as  by  acids. 

CXCL 

In  our  enquiries  concerning  the  chemical 
nature  of  bodies,  we  ought  to  begin  with 
falts  ;  otherwife  it  is  like  building  without 
a  foundation.  They  are  prefent  in  every 
part  of  the  ceconomy  of  nature ;  and  there 
are  few,  perhaps  not  any  of  its  operations, 
that  can  be  carried  on  without  them. 
Mean  time  the  forms,  under  which  they 
refpectively  manifefl  themfelves,  are  in 
many  cafes  very  different.  Some  may  by 
themfelves  be  exhibited  in  a  dry  form, 
others  cannot  be  brought  to  that  ftatc 
without  being  rendered  almoft.  immediately 
fluid  again .  by  the  humidity  of  the  air : 
thefe  are  termed  deliquefcent  falts :  others 

are 
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are  fufceptible  of  cryftallization :  but  of 
thefe  again  fome  lofe  in  a  dry  air  a  part  of 
the  water  they  took  up  in  cryftallization, 
become  opake  and  crumble  $  fome  require 
but  a  little  water  to  diffolve  them,  others 
a  great  deal,  Sec.  &c. 


OF  EARTHS. 
CXCIL 

Earth  is  the  name  given  to  thofe  fpecie$ 
of  folid  matter  which  remain  unaltered  in 
a  red  heat,  without  melting  or  flying  off, 
notwithstanding  they  are  reduced  to  the 
lineft  powder ;  and  which  are  not  foluble 
in  open  vehels  in  a  quantity  of  water  lefs 
than  five  hundred  times  their  own  weight. 
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CXCIII. 

The  earths  however  are,  in  many  in- 
ftances,  fo  far  of  a  faline  nature  as  to  be 
foluble  by  means  of  Papin's  Digefter. 
This  holds  good  even  with  regard  to  quartz. 
Indeed  in  the  ftate  in  which  they  are  found 
in  the  ground,  they  are  always  combined 
with  an  acid,  and  are  therefore  in  fael:, 
according  to  their  different  natures,  fo  many 
forts  of  earthy  falts  [fee  188].  It  would 
be  proper,  notwithstanding,  for  diltincfion 
fake,  to  arrange  them  under  a  different 
clafs  from  the  one  fo  intitled  :  and  this  we 
are  enabled  to  do  by  means  of  the  diftinc- 
tions  above  laid  down  [fee  192]. 

CXCIV. 

Earths  are  diftinguifhed  into  fimple  or 
primitive,  and  compound  or  derivative; 
the  laft  being  thofe  which  confifl  of  two 
or  more  fimple  ones  combined. 
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CXCV. 

Of  flmplc  earths  there  are  not  as  yet 
known  for  certainty  more  than  five :  pon- 
derous earth ;  calcareous  earth,  or  lime  -3 
magnefia  j  argillacous  earth,  or  clay  j  and 
filicious,  or  cryftalline  earth :  all  which 
may  eafily  be  diltinguifhed  from  one  ano- 
ther by  means  of  the  phenomena  they  re- 
Ipeclively  exhibit,  when  combined  with 
vitriolic  acid. 

CXCVI. 

Thefe  five  no  one  as  yet  has  been  able 
either  to  decompofe,  or  to  tranfmute  one 
Into  another. 

CXCVII.  i 

The  ponderous  earth  forms  with  vitri- 
olic acid  ponderous  fpar,  which  is  not 
foluble  in  a  thoufand  times  its  own  weight 
of  boiling  water, 
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CXCVIII. 

For  any  thing  we  know  as  yet,  it  is  but 
feldom  that  this  earth  makes  its  appear- 
ance. There  are  many  refpecls  in  which 
it  refembles  calcareous  earth :  for  example, 
inafmuch  as  it  unites  with  the  aerial  acid, 
effervefcing  thereupon  with  other  acids ; 
lofes  its  aerial  acid  by  expofure  to  fire,  be- 
coming thereupon  foluble  in  water,  but  fe- 
parating  again  from  the  water  in  open  air, 
in  the  manner  of  the  crcmor  calcis  \  and, 
when  burnt,  renders  alkalis  cauftic,  and 
combines  with  fulphur,  &c. 

CXCIX.  :  ]  V  * 

There  are  other  refpeclrs,  however,  in 
which  it  mows  iticlf  quite  different :  with 
the  nitrous  and  marine  acids  it  forms  falts, 
which  are  fufceptible  of  cryftallization,  and 
which  require  a  large  proportion  of  water 
to  diflblve  them  at  the  fame  time  that  the 
compounds  it  forms  with  acetous  acid  are 
6  deliquefcent : 
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deliquefcent :  in  both  which  particulars  the 
phenomena  exhibited  by  calcareous  earth 
with  the  fame  acid,  are  entirely  different. 
Another  thing  is,  that  the  attraction  which 
ponderous  earth  has  for  vitriolic  acid  is  fo 
ifrong,  that  it  feparates  that  acid  even 
from  the  vegetable  alkali ;  which  is  what 
never  is  done  by  calcareous  earth  :  not  to 
mention  a  variety  of  other  circumftances. 

CC. 

Calcareous  earth,  combined  with  vitri- 
olic acid  to  the  point  of  faturation,  forms 
Gyp/urn,  which  is  foluble  in  five  hundred 
times  its  own  weight  of  boiling  water. 
Gypfum  is  known  by  the  property  it  has 
of  forming,  after  a  flight  burning,  a  hard 
inafs  with  water. 

CCI.  ' 

Calcareous  earth  is  found  in  great  abun- 
dance, but  commonly  faturated  with  aerial 
acid,  which  exhibits  the  appearance  of 
effervefcence  upon  being  driven  from  its 

bafis 
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bafis  by  a  ftronger  acid.  Calcareous  earth 
is  found  diffolved  in  moft  waters,  by  means 
of  a  redundant  portion  of  the  aerial  acid. 
By  burning  it  lofes  that  acid,  together  with 
a  proportion  of  water,  which  it  was  com- 
bined with,  and  enters  into  a  chemical 
combination  with  a  certain  quantity  of  the 
matter  of  heat,  in  which  fbate  it  is  called 
quick  lime ;  an  article  abfoiutely  neceffary 
in  bricklayers  work  and  mafonry.  Its 
having  a  greater  attraction  for  water  than 
for  the  matter  of  heat,  is  the  reafon,  that 
when  the  quick  lime  meets  with  the  former, 
it  lets  go  the  latter ;  by  which  means  a 
great  quantity  of  fenfible  heat  is  produced, 
converting  a  part  of  the  water  which  it 
has  abforbed  info  vapours ;  which,  if  the 
calcareous  earth  were  in  the  form  of  a 
flone,  would  break  it  down  into  a  fine 
powder. 

ecu. 


Magnefia  faturated  with  vitriolic  acid 
forms  a  bitter  fait,  known  under  the  names 

H  of 
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of  Englifti,  Epfom,  Seydfchutz,  or  Seidlitf 
fait.  Although  the  faits  known  under 
thefe  different  names  differ  from  one  ano- 
ther on  account  of  fome  heterogeneous  fob* 
itance  which  is  combined  with  them,  yet 
the  vitriolated  magnefia  is  the  characferifcic 
and  principal  ingredient  in  them  all. 

cciii. 

Magnefia  is  fcldom  found  alone,  but 
there  are  fevcral  kinds  of  ftones  of  which 
it  commonly  forms  a  conftituent  part.  It 
is  contained  frequently  in  frefh  waters,  by 
means  of  a  quantity  of  aerial  acid  which 
is  diffolved  in  them  ;  and  in  fea- water  it  is 
prefent  in  varf.  quantities,  united  with  the 
marine  acid.  When  frturated  with  aerial 
acid,  it  effervefces  upon  the  application  of 
"a  flrronger  acid.'  In  the  fire  it  parts  eafily 
with  its  aerial  acid,  but  does  not  there- 
upon become  foluble  in  water,  as  cauftic 
calcareous  earth  does.  It  may  be  made  to 
diilblve  fulphur,  but  with  difficulty,  and 
that  only  in  fmall  quantities. 


CCIV 
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CCIV. 

Pure  argillaceous  earth,  diflblved  with  a 
fcarce  perceptible  fuperabundance  of  vi- 
triolic acid,  forms  alum. 

ccv. 

This  earth  is  met  with  in  van  quanti- 
ties, but  always  mixed  with  a  greater  or 
lefs  proportion  of  heterogeneous  matters, 
efpecially  with  fand  or  filicious  earth.  The 
tenacity  it  pofTeffes  when  mixed  with  a  due 
proportion  of  thofe  laff-mentioned  fub- 
fiances,  and  the  property  it  has  of  becom- 
ing hard  by  burning,  render  it  fit  for  be- 
ing made  into  bricks  and  tiles,  and  feveral 
other  implements.  • 

The  four  kinds  cf  earth  above  defcribed 
might  alfo  be  called  abforbent,  as  they  all 
abforb  a  quantity  of  aerial  acid,  exhibit- 
ing, upon  the  application  of  a  ftronger 
\iOO  H  2  acid. 
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acid,  an  effervefcence,  which  however  is 
much  lefs  confpicuous  in  the  argillaceous 
earth  than  in  any  of  the  others. 

CCVII. 

The  filicious  earth  is  not  affected  by  the 
vitriolic  acid ;  it  is,  however,  diffolved  by 
that  of  fpar. 

CCVIII. 

This  is  fortnd  every  where  in  great  quan- 
tities :  in  the  rock  cryftal  and  tranfparent 
quartz  it  is  perfectly  pure.  With  alkali? 
it  is  brought  into  fufion  in  the  dry  way 
very  readily ;  and,  by  its  union  therewith, 
conftitutes  that  moft  ufeful  manufacture 
which  is  called  glafs.  That  the  acid  of 
fpar  is  a  conftituent  part  of  the  filicious 
earth  there  is  no  doubt ;  but  the  bafis  of  it 
is  not  yet  perfectly  known.  It  feems  how- 
ever to  be  the  fixt  part  of  water ;  fmce 
by  that  acid  and  water  together,  the  earth 
in  queftion  may  be  produced  by  art  even  in 
a  cryftalline  form. 

4  •  CCIX. 
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CCIX. 

Of  two  or  more  of  thefe  five  kinds  of 
fimple  earths,  all  the  others  which  have 
yet  been  examined,  have  been  found  to  be 
compounded;  the  diamond  excepted,  which, 
in  an  open  fire,  evaporates  entirely,  or,  to 
fpeak  more  properly,  burns  ;  fince  it  goes 
off  by  degrees  with  a  fmall  flame,  exhibit- 
ing likewife  fome  figns  of  foot.  This 
ftone,  which  is  of  all  known  fubftances 
the  hardefr.  and  moil  fcarce,  affords,  at  the 
fame  time,  the  moil  obflinate  refiftance  to 
all  menflruums  whatfoever,  and  contains 
probably  a  peculiar  kind  of  earth,  which 
might  be  called  noble  earth,  but  the  nature 
of  which  remains  yet  to  be  afcertained  by 
diligent  and  exact  experiments.  Quite 
different  is  the  nature  of  the  ruby,  the 
fapphire,  the  topaz,  and  the  emerald :  thefe 
are  each  of  them  compounded  of  argilla- 
ceous, filicious,  arid  calcareous  earth;  of 
which  the  firft  is  the  moil  abundant,  and 
the  laft  prefent  only  in  a  very  fmall  quan- 

H  3  tity. 
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tity.  The  different  colours  they  poflefs,  to 
wit  the  red,  the  blue,  the  yellow,  and  the 
green,  are  all  derived  from  iron  j  which, 
for  the  different  appearances  it  exhibits, 
Hands  indebted  probably  to  its  being  dif- 
ferently modified  by  different  proportions 
of  phlogifton. 


OF  INFLAMMABLE  SUBSTANCES- 

CCX. 

To  this  clafs  belong  all  thofe  bodies 
which  are  confumed  by  burning. 

CCXI. 

The  foundation  of  this  property  of  in- 
flammability lies,  properly,  in  a  very  fubtle 
matter,  which  the  ancients  called  phlo- 
gifton :  fo  fubtle  indeed,  that,  were  it  not 

for 
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for  its  combination  with  other  fubftances, 
it  would  be  imperceptible  to  our  fenfes. 
It  can,  however,  be  made  to  migrate  from 
one  body  into  another,  according  to  the 
laws  of  elective  attraction  ;  and  it  is  by  the 
changes  it  thereupon  exhibits,  and  them 
only,  that  we  learn  lb  much  as  we  are  ac- 
quainted with  of  its  nature.  It  is  prefent 
probably,  more  or  lefs  of  it,  in  all  bodies; 
it  renders,  however,  thofe  alone  inflam- 
mable, in  which  it  exifts  in  abundance, 
and  with  which,  at  the  fame  time,  it  is  not 
fo  ftrongly  united,  but  that  it  may  be 
driven  out  from  them  in  great  quantities 
under  certain  circumftances,  by  the  rufrw 
ing  in  of  air. 

CCXII, 

Phlogifton,  united  with  vitriolic  acid  to 
the  point  of  faturation,  forms  what  is 
commonly  called  fulphur. 


H  4  CCXIIL 
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CCXIII. 

If  fulphur  be  cMblved  in  an  alkali,  the 
compound  is  called  liver  of  fulphur,  or 
hepar  julpburh^-  This  fubftance  has  the 
fmell  of  rotten  eggs,  efpecially  upon  the 
application  of  an  acid ;  in  which  cafe  the 
fulphur  is  precipitated.  It  diflblves  in  wa- 
ter and  fpirit  of  wine. 

ccxiv. 

The  folutions  of  fulphur  in  the  feveral 
kinds  of  oils  are  called  balfams  of  fulphur; 
they  have  a  difagreeable  fmell,  and  in  con- 
fidence they  are  thinner  or  thicker,  accord- 
ing as  the  proportion  of  fulphur  dilfolved 
in  them  is  lefs  or  greater. 

ccxv. 

Phofphorus  alfo  is  a  fpecies  of  fulphur  : 
but  this  confumes  in  a  free  air  fo  (lowly 
and  gently,  that  letters  written  with  it 
continue  to  give  light  in  the  dark  for  a 

long 
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long  time  together.  It  is  compofed  of 
phlogifton  and  a  peculiar  kiT  I  of  atid, 
which  taking  its  name  from  the  Qompoui  i 
in  queftion,  is  called  phofphoric  acid.  Tins 
fpecies  of  fulphur  muft  be  kept  in  water, 
as  in  the  open  air  it  very  foon  confumes. 


CCXVI. 

The  other  acids  no  one  as  yet  has  been 
able  to  combine  with  the  phlogifton,  in 
fuch  manner  as  for  them  to  form  folid 
fulphur. 

CCXVII. 

Pyrophoms  is  the  name  given  to  a  pow- 
der compofed  of  alum  and  a  little  phlogifton, 
which  begins  to  burn  of  itfelf,  as  foon  as 
it  is  expofed  to  the  open  air.  This  phe- 
nomenon depends  probably  upon  fome  he- 
patic principle,  generated  during  the  pre- 
paration of  the  powder. 


CCXVIII. 
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CCXVIII. 

The  Bolognian  Phoiphorus  is  a  name 
given  to  the  ponderous  fpar,  or  fpaibum 
pondercfum  [fee  197],  which  has  been  ig- 
nited upon  live  coals,  and  has  thereby  re- 
ceived the  power  of  attracting  a  quantity 
of  light,  which  it  emits  afterwards  in  the 
dark. 

ni  ,m;ft?*oWq V.CCXIX.   klaw^  Ql  aids 

Baldwins  Phcfphorus  pofleffes  the  fame 
property,  but  is  prepared  from  chalk  dif- 
folved  in  nitrous  acid  j  which  compound 
is  evaporated  to  drynefs,  and  then  made  to 
undergo  a  certain  degree  of  ignition. 

The  fparry  fluor,  or  fuor  fpathofus,  alfo 
yields,  when  heated  by  degrees,  a  fine  phof- 
phoric  light,  which  is  likewife  yielded  by 
feveral  other  fubftances,  although  in-  a 
weaker  degree.    Sugar,  the  ore  called  pfeu- 

dogalena^ 
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dogalena^  &c.  give  light  in  the  dark  upon 
being  rubbed. 

CCXXI. 

Oil  is  the  name  given  to  certain  greafy 
liquids,  which  do  not  mix  with  water, 
which  are  fufceptible  of  combuftion  ;  yield 
a  great  deal  of  flame  and  fmoke  in  burn- 
ing, and  leave  a  coal  behind  them  when 
they  are  burnt  out. 

CCXXII. 

The  elements  they  are  compofed  of  are 
phlogifton,  aerial  acid,  and  water. 

CCXXIII. 

They  are  diftinguimed  into  two  kinds, 
the  unguinous  and  the  eflential. 

CCXXIV. 

Unguinous  is  the  name  given  to  thofe 
which  are  without  fmell  and  talte,  are  not 

foluble 
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foluble  in  fpirit  of  wine,  nor  volatile  in 
the  heat  of  boiling  water. 

ccxxv. 

If  thefe  oils  are  forced  over  in  diftillation 
by  a  ftronger  heat,  they  acquire  a  burnt 
fmell  and  tafte,  and  become  foluble  in  fpi- 
rit of  wine :  in  this  ftate  they  are  called 
empyreumatic,  and  fometimes  philofophical 
oils. 

CXXVI. 

Tallow,  butter,  and  other  animal  fats, 
are  fimilar  to  unguinous  oils  in  mofr. 
refpecls. 

CCXXVII. 

EfTential  oils  have  a  ftrong  tafte  and 
fmell,  of  which  the  latter  is  commonly  mofb 
agreeable.  They  are  foluble  in  fpirit  of 
wine,  and  volatile  in  the  heat  of  boiling 
water. 

CCXXVIII. 
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CCXXVIII. 

The  principle  to  which  they  owe  their 
fmell,  is  a  very  fubtle  oleaginous  fluid. 
This  is  called  their  fpiritus  rccior ;  it  flies 
off  in  time,  and  in  proportion  as  this 
happens,  the  oils  lofe  their  fmell,  and  be- 
come vifcid  and  heavier  than  they  were 
before. 

CCXXIX. 

Dippers  animal  oil  muft  not  be  con- 
founded with  the  common  animal  oils 
mentioned  in  §  226  :  it  is  obtained  by 
diftillation  from  the  gelatinous  fubfh  ,  ce 
of  animals.  It  is  at  firft  of  a  deep  brown 
colour,  tenacious  confidence,  and  empy- 
reumatic  fmell :  but  it  may,  by  repeated 
rectifications,  be  brought  to  fuch  a  degree 
of  limpidity  as  to  refemble  ether  [fee  23 1]  : 
but  if  the  air  is  fuffered  to  have  accefs  to 
it,  it  grows  brown  again. 


CCXXX, 
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CCXXX. 

The  oils  break  out  into  a  flame  upon 
the  application  of  nitrous  acid  :  a  pleafing 
and  fingular  appearance,  to  be  produced  by 
the  mixture  of  two  cold  fluids. 

CCXXXI. 

Ether  is  the  name  given  to  a  fubtle  oil, 
which  combines  with  ten  times  its  weight 
of  water,  has  an  agreeable  refrefhing  fmell, 
and  burns  ftrongly,  giving  fome  figns  of 
foot,  but  not  leaving  any  coal  behind.  Its 
volatility  is  fo  great,  as  to  turn  water  into 
ice  in  a  warm  room :  for  all  evaporation 
produces  cold,  in  proportion  to  the  cele- 
rity with  which  it  is  carried  on.  Ether 
takes  gold  from  the  folution  of  it  in  aqua 
regia,  and  has  the  property  alfo  of  diflblv- 
ing  the  elailic  rehn. 


CCXXXXI. 
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CCXXXII. 

Hoffman  s  anodyne  liquor  is  a  folution 
of  ether  in  fpirit  of  wine. 

CCXXXIII. 

Spirit  of  wine  is  a  fluid  inflammable 
fiibfcance,  which  combines  with  water  in 
every  proportion,  burns  without  foot, 
and  without  leaving  a  coal  behind  it. 

CCXXXIV. 

It  confifbs  of  phlogifton  and  water,  which 
are  probably  united  together  by  the  inter- 
vention of  an  acid  -y  when  deprived  as 
much  as  pofiible  of  all  fuperfluous  water, 
it  is  called  alkohol. 

cexxxv. 

Of  bodies  which  deflagrate  with  great 
violence  and  noife,  there  are  feveral  prepa- 
rations :  the  three  following  are  the  moft  re- 
markable. 

CCXXXVI. 
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CCXXXVI. 

Gunpowder  is  a  compofition  made  of 
nitre,  fulphur,  and  charcoal  in  certain  pro- 
portions :  that  of  the  firft  being  the  larger!:, 
and  commonly  three-fourths  of  the  whole. 
The  charcoal  and  fulphur  are  no  other- 
wife  neceflary,  than  to  make  it  burn  fo 
much  the  quicker ;  and  it  is  the  nitre  only, 
properly  fpeaking,  that  makes  the  explo- 
fion.  This  fait  burns  with  great  violence, 
whenever  it  touches  an  inflammable  body 
in  a  flate  of  ignition. 

CCXXXVIL 

Ptdvis  fulminant j  or  thundering  powder, 
is  a  mixture  of  three  parts  of  nitre,  two 
of  the  alkali  of  tartar,  and  one  of  flowers 
of  fulphur.  It  explodes  with  a  violent 
report  when  melted  in  an  iron  fpoon  over 
the  fire.  It  feems  as  if  this  effect  depended 
on  the  detonation  of  the  hepar  fulphuris 
generated  during  the  fufion :  for  nitre  with 

half 
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half  its  weight  of  hepar  fulphuris  makes 
the  fame  report. 

CCXXXVIII. 

Aurum  fuhninans  confifts  of  gold  which 
has  been  difTolved  in  aqua  regia,  and  preci- 
pitated by  volatile  alkali.  This  precipitate, 
when  edulcorated,  dried,  and  then  heated 
to  a  certain  degree  of  heat,  gives  a  prodi- 
gious report.  It  may  even  be  prepared  in 
fuch  manner  as  to  explode,  by  being  only 
fhaken  about  a  little  in  a  piece  of  paper. 


OF  METALS. 

CCXXXIX. 

Metals  are  mining  opake  bodies,  which 
are  heavier  than  all  others  :  the  lightefb  of 
them  being  fix  times  the  weight  of  water, 

I  and 
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and  fome  of  them  almoft  twenty  time's  Its 
weight. 

CCXL, 

The  metab  with  which  we  are  at  prefent 
acquainted,  are  fifteen  in  number,  viz. 
gold,  the  fpecific  gravity  of  which  is  to  that 
of  water  as  ig'i  to  1 ;  platina  as  1 8  ;  quick- 
filver  as  14 ;  lead  as  1 1  A ;  filver  as  11  -y 
vifmuth  as  9  A  ;  copper  as  8  TV  nickel ; 
as  8  xv  j  arfenic  as  8  TV  ;  iron  as  8  \  cobalt 
as  7  A j  tin  as.  7 A;  antimony  as  6 -A;, 
and  manganefe,  the  fpecific  gravity  of  which 
has  not  as  yet  been  exactly  difcovered 

CCXLL 

Metals  are  compounds  formed  of  phlo- 
gifton  and  fo  many  diflerent  kinds  of  earths, 
which  are  termed  the  calces  of  the  refpec- 
tive  metals,  and  have  no  fimilitude  with 
any  of  the  earths  above  defcribcd  [fee  192 
to  209]. 

(/)  According  to  the  latcil  difcovcries  of  Mr.  gerg- 
man,  about  as  6  -5®tt. 

6  CCXLII. 
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CCXLII. 

Thofe  metals,  in  which  the  phlogifton 
and  the  calx  have  fo  ftrong  an  attraction 
for  one  another  as  not  to  be  feparated  in 
an  open  fire,  are  called  the  noble  metals. 
In  the  humid  way  indeed  they  may  be  cal- 
cined 5  but  when  a  certain  degree  of  fire  is 
applied,  they  are  thereby  alone,  without 
any  addition  being  neceifary,  made  to  reaf- 
fume  their  metallic  form. 

CCXLIII. 

To  this  divifion  belong  gold,  platina,  and 
/liver. 

CCXLIV. 

The  bafe  or  ignoble  metals,  on  the  other 
hand,  are  thofe  which  lofe  in  an  open  fire 
their  metallic  form,  and  are  changed  there- 
upon into  a  powder,  refembling  an  earth ; 
which  powder  refumes  not  in  the  fire  its 
metallic  form,  without  the  application  of 
an  inflammable  body. 

I  2  CCXLV. 
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CCXLV. 

To  this  divifion  then  belong  the  remain- 
ing metals,  quickfilver  excepted,  which  is, 
as  it  were,  of  a  middle  nature  between 
that  of  the  noble  and  the  ignoble  metals  : 
fince,  on  the  one  hand,  it  may  by  fire,  like 
the  latter,  be  calcined  j  but,  on  the  other 
hand,  like  the  former,  it  may,  without 
any  addition,  be  reduced  again  to  its  me- 
tallic form. 

f    -  CCXLVL 

Some  of  the  metals  are  malleable,  and  to 
thefe  alone,  ftri&ly  fpeaking,  does  the  name 
of  metal  properly  belong.  Gold  is  capable 
of  being  extended  to  a  furprizing  degree : 
infomuch  that  651,590  cubic  inches,  may 
be  covered  with  a  cubic  inch  of  it.  Lead 
is  the  leaf!  malleable.  Platina,  filver,  cop- 
per and  iron,  come  between. 


CCXLVIL 
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CCXLVII. 

Quickfilver  is  as  much  a  metal  as  any  of 
them :  for  when  reduced  to  folidity  by  a 
certain  degree  of  cold,  it  is  malleable  nearly 
in  the  fame  degree  as  lead. 

CCXLVIII. 

Semi-metal  is  the  name  given  to  all  me- 
tallic fubftances,  which  break  under  the 
hammer.  Zinc  is  the  moft  malleable  of 
them  all ;  nor  will  it  fuffer  itfelf  to  be  re- 
duced to  a  powder  fo  readily  as  the  others  ; 
to  wit,  vilmuth,  nickel,  arfenic,  cobalt, 
antimony,  and  manganefe. 

CCXLIX. 

Vifmuth,  antimony,  and  arfenic,  upon 
being  broken,  appear  to  be  of  a  foliated 
texture  :  the  reft  appears  to  be  more  or 
lefs  finely  granulated. 


CCL. 
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CCL. 

The  colour  of  tHfeb  is  of  various  hues : 
gold  is  yellow  j  copper  of  a  reddifh  yellow  ; 
nickel  and  vifmuth  bear  a  little  towards  a 
whitifh  red;  platina,  friver,  quickfilver, 
tin,  and  antimony  are  white ;  lead,  zinc, 
iron,  cobalt,  arfenic,  and  manganefe,  verge 
towards  the  blue  or  green. 

CCLI. 

The  metals  require  a  very  different  de- 
gree of  heat  to  melt  them :  quickfilver  fo 
little,  that  the  atmofphere  is  fcarce  ever 
without  a  quantity  fufflcient  for  that  pur- 
pofe  •,  the  reft  ftand  in  point  of  fufibility 
in  the  following  order :  tin,  vifmuth,  lead, 
zinc,  arfenic,  antimony,  filver,  gold,  cobalt, 
nickel,  copper,  iron,  manganefe,  and  pla- 
t  na  j  which  laft,  without  previous  prepa- 
ration, can  no  otherwife  be  brought  into 
fufion  but  by  a  burning  mirror. 


CCLIL 
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CCLIi. 

It  is  remr-rkable,  th  ic  fome  metallic  com- 
pofitions  become  more  fufible  than  any  of 
their  component  metals :  lead,  tin,  and 
vifmuth,  combined  in  a  certain  propor- 
tion, are  fufible  in  the  heat  of  boiling 
water. 

CCLIII. 

Six  metallic  fubftances  are  volatilifable 
by  fire :  quickfilver,  arfenic,  zinc,  anti- 
mony, lead  and  copper.  . 

CCLIV,  * 

Zinc  and  arfenic  are  inflammable :  the 
former  burns  with  a  beautiful  green  flame. 
Copper  and  gold  exhibit  alfo  during  their 
fufion  a  greenifh  luftre. 

CCLV. 


All  metallic  fubftances  are  capable  by 
themfelves  of  being  united  with  fulphur, 

I  4  gold 
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gold  and  zinc  excepted ;  which  cannot  be 
united  with  it  but  by  the  intervention  of 
fome  third  fubftance,  which  has  a  common 
attraction  for  both  the  elements  that  are 
to  be  combined. 

CGLVI. 

A  metallic  fubftance  is  faid  to  be  mi- 
neralized, when,  by  being  combined  with 
fuiphur,  it  has  loft  its  metallic  form. 

CCLVII. 

The  metallic  calces  are  capable  of  being 
vitrified,  and  in  that  ftate  give  the  dif- 
ferent colours  which  are  ufed  in  enamel. 

CCLVIII. 

White  arfenic  is  the  calx  of  the  femi- 
metal  fo  called,  which  difTolves  in  water. 
It  may  alfo  be  entirely  freed  from  its  phlo- 
gifton,  and  is  then  found  to  be  a  parti- 
cular kind  of  acid.  This  gives  us  occafion 
to  fufpect,  that  the,  other  metallic  calces 

are 
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sre  all  of  them  but  fo  many  particular 
kinds  of  acids,  which  continue  to  retain 
the  quantity  of  phlogifton,  which  is  necef- 
fary  to  infpifTate  them,  and  enable  them 
to  retain  their  folid  form.  By  reflection 
and  perfeverance  we  may  one  day,  perhaps, 
find  means  to  overcome  that  attraction, 
which  prevents  us,  as  yet,  from  fetting 
free  the  acids  of  the  other  metallic  calces. 

CCLIX. 

When  the  metallic  calces  are  made  to 
lofe  a  great  portion  of  their  phlogifton, 
they  are  either  not  foluble  at  all  by  acids, 
or  at  leaf!  not  without  great  difficulty.  As 
little  can  a  metallic  fubflance  be  diffolvcd, 
fo  as  to  retain  its  whole  quantity  of  phlo- 
gifton. In  order  for  a  folution  to  take 
place,  it  is  neceiTary  that  the  metal  fhould 
poffefs  a  certain  quantity;  more  or  lefs 
than  which  would  equally  prevent  the  ef- 
fect. A  moft  eminent  inftance  of  this,  is 
that  of  manganefe ;  which,  when  it  is  in 
its  metallic  form,  muft  always  part  with  a 

quantity 
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quantity  of  its  phlogifton  before  it  is  capa- 
ble of  being  dhTolved ;  but,  when  it  is  in 
the  form  of  a  white  calx,  is  diffolved  with- 
out any  fuch  lofs  ;  and  at  laft,  when  cal- 
cined to  blacknefs,  is  not  attacked  by  acids 
at  all,  unlefs  a  quantity  of  phlogifton  be 
reftored  to  it. 

■  .  ::#Hi<£r^     CCLXf;  %  ,r'f'-;  dt  yyii 

The  fcience  which  furnifh.es  us  with 
diftincl  and  certain  characters,  by  which 
the  feveral  forts  of  falts,  earths,  inflamma- 
ble bodies,  and  metallic  fubftances,  may 
be  diftinguifhed  from  one  another,  has  re- 
ceived the  name  of  miner  alo^w 


OF  WATER, 

CCLXI.  'J  ' 

Water  is  a  fubftance  that  exifts  every- 
where :  we  find,  accordingly,  that  nearly 

the 
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the  half  of  the  furfacc  of  our  globe  is  co- 
vered with  it. 

;  cclxii. 

Wc  can  hardly  frame  to  ourfelves  any 
other  general  idea  of  a  fluid  body,  than 
that  it  confifts  of  a  quantity  of  infinitely 
fine  and  folid  particles,  which,  by  reafonof 
their  finenefs,  and  the  weaknefs  of  their 
attraction  of  cohefion,  are  fo  eafily  moved 
one  over  another,  that  the  whole  afTem- 
blage  of  them  tends  conftantly  to  maintain 
a  horizontal  furface.  Something  of  this 
fort  is  feen  even  in  fand ;  which,  in  fome 
places,  is  fo  fine,  that  a  man  may,  as  it 
were,  be  drowned  in  it.  If  then  the  in- 
terfaces of  fuch  a  fluid  be  filled  up  by  one 
ftill  finer,  the  particles  acquire  ftill  a 
greater  degree  of  mobility;  and  this  is 
precifely  the  cafe  with  water. 

CCLXIII. 

Heat  is  that  fluid  which  augments  the 
fluidity,  not  only  of  water,  but  alfo  of 

all 
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all  other  fubftances  :  and  according  to  the 
quantity  of  it  which  water  pofTefTes,  it  ap- 
pears to  us  in  three  different  forms. 

CCLXIV. 

If  the  quantity  of  the  heat  in  water  is 
fo  fmall,  as  not  to  raife  the  mercury  in 
Celfiuss  thermometer  above  the  degree  which 
is  marked  O,  the  particles  of  the  water 
lofe  their  faculty  .of  Aiding  over  each  other, 
adhere  together,  and  form  a  folid,  clear, 
and  elaftic  mafs,  which  is  lighter  than  the 
water  was  before,  and  which  is  known  to, 
us  under  the  name  of  ice. 

cclxv. 

That  the  particles  upon  this  occafion 
endeavour  to  cryftallize,  or  range  them- 
felves  into  a  certain  order,  is  evident ;  and 
this  is  one  capital  reafbn  why  the  mafs  ex- 
pands itfelf,  and  occupies  a  larger  fpace. 


CCLXVI. 
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CCLXVI. 

When  ice  thaws,  it  is  found  to  contain 
as  much  fenfible  heat  as  is  indicated  by 
Celfiuss  thermometer,  when  the  mercury 
ffands  at  72  [fee  297].  This  quantity  of  heat 
is  the  leafl  which  is  neceffary  to  reflore  the 
fubftance  to  a  fluid  flate  -3  and  any  farther 
addition  augments  its  fluidity  in  propor- 
tion to  the  quantity  that  is  added. 

CCLXVII. 

Water  in  its  fluid  ftate  is  fufceptible  of 
compreflion,  though  but  in  a  fmall  degree, 

,  CCLXVIII. 

But  when  the  aqueous  particles  receive 
a  fuperabundant  portion  of  fenfible  heat, 
over  and  above  what  is  neceffary  to  bring 
them  to  a  liquid  flate,  they  are  converted 
into  elaftic  vapours ;  which  change  takes 
place  in  a  moft  remarkable  degree,  when  the 
mafs  is  at  the  heat  of  boiling  water.  In 

that 
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that  degree  of  heat,  a  given  quantity  of  wa- 
ter does  fo  far  expand  itfelf,  as  to  occupy 
fourteen  tlioufand  times  the  fpace  that  it 
did  before,  and  thereby  obtains  a  propor- 
tionably  greater  number  of  points  of  con- 
tact with  the  matter  of  heat ;  which  thence 
is  capable  of  being  united  with  it  in  a 
larger  proportion.  And  this  feems  to  be 
the  way  in  which  that  degree  of  cold  is 
produced,  which  may  be  obferved  constantly 
to  take  place  upon  evaporation.  This 
union  however  is  again  destroyed  upon 
refrigeration. 

* 

CCLXIX. 

As  in  all  degrees  of  heat  above  O  va- 
pours are  generated  continually,  it  follows, 
that  the  particles,,  in  order  to  affume  an 
elaftic  form,  {land  not  in  need  of  any  very 
considerable  quantity  of  heat ;  but  only 
the  lefs  heat  they  have,  the  lefs  they  are 
elaftic. 


CCLXX. 
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CCLXX. 

If  it  be  aiked  which  of  all  thefe  forms 
[fee  264  to  269]  are  moft  natural  to  wa- 
ter ?  the  anfwer  is,  that  they  are  all  natu- 
ral to  it  alike.  But  if  the  queflion  be,  in 
which  of  them  the  water  is  freefl  from  all 
heterogeneous  particles  ?  the  anfwer  is  plain- 
ly, in  that  of  ice. 

CCLXXI. 

Whether  the  primary  elemental  particles 
of  water  are  homogeneous  with  refpecl  to 
each  other,  or  heterogenous,  is  difficult  to 
afcertain :  yet  the  latter  opinion  does  not 
feem  to  be  inconfiflent  with  the  plan  pur- 
fued  by  nature  with  refpecl  to  other  fub- 
fiances. 

-  CCLXXIL 

That  thefe  particles,  in  the  common 
courfe  of  nature,  can  be  fo  modified  as  to 
be  made  to  lofe  their  ordinary  flate  with 

refpecl; 


Hi  O  F    W  A  T  E  EL 

refpect  to  attraction,  fo  as  to  exhibit  them- 
felves  in  the  form  of  an  earth,  feems  alfo 
to  be  not  incredible  -y  but  that  the  experi- 
ments which  have  as  yet  been  cited  in  fup- 
port  of  this  propohtion,  do  not  prove  any 
fuch  thing,  is  evident  enough. 

CCLXXIII, 

'The  dhTolvent  power  of  water  is  one 
reafon  why  it  is  always  found  more  or  lefs 
loaded  with  heterogeneous  particles ;  of 
which  fome,  by  reafon  of  their  finenefs, 
hang  fufpended  in  it,  while  others  perhaps, 
are,  properly  fpeaking,  difiblved  in  it. 

CCLXXIV. 

In  the  mechanical  way  may  be  mixt  with 
it  any  fort  of  folid  fubftances  whatever, 
when  reduced  to  a  certain  degree  of  fine- 
nefs ;  and  thefe  may  alfo  remain  fufpended 
in  it,  when  the  friction  which  they  would 
have  to  overcome,  before  they  could  fall  to 
the  bottom,  becomes  greater  than  the 

overplus 
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overplus  of  their  fpecific  gravity  withrefpeft 
to  water. 

CCLXXV. 

The  fubftances  which  water  is  capable 
of  containing  in  a  ftate  of  folution,  may- 
be diftinguifhed,  in  a  general  point  of 
view,  into  fuch  as  are  volatile  and  fuch  as 
are  fixt. 

CCLXXVI. 

Of  the  former  of  thefe  claffes  are  ;  firffr, 
pure  air  [fee  283]  ;  fecondly,  aerial  acid 
[fee  337]  j  and  thirdly,  hepatic  air  [fee 

3o8j.  '     «^""^"  ; 

CCLXXVII. 

Of  the  latter  or  fixed  kind  there  are  va- 
rious foluble  fubftances :  thefe,  however,  are 
feldom  of  the  fimple  kind, ,  but  commonly 
either  the  neutral  or  middle  falts :  for  ex- 
ample, vitriolated  vegetable  alkali,  or  more 
commonly,  vitriolated  mineral  alkali.  In 
the  fame  manner  are  found  the  feveral 

K  compounds 
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compounds  of  vitriolic  acid  with  calcareou  s 
earth,  with  magnefia,  and  fometimes  with 
clay,  iron,  copper,  and  zinc.  Thofe  of  ni- 
trous acid  with  vegetable  alkali  feldom 
thofe  of  the  fame  acid  with  mineral  alkali ; 
fometimes  thofe  with  calcareous  earth  and 
magnefia;  feldom  thofe  of  marine  acid 
with  vegetable  alkali ;  often  thofe  of  the 
fame  acid  with  mineral  alkali,  calcareous 
earth,  and  magnefia  j  thofe  of  the  aerial 
acid  with  mineral  alkali,  calcareous  earth, 
magnefia,  and  iron. 


OF  AIR, 

CCLXXVIII. 

The  invifible  fluid  which  every  where 
furrounds  our  globe,  is  commonly  called 
the  air,  or,  more  properly,  the  atmofphere ; 
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as  it  is  a  mixture  of  a  variety  of  fub- 
ftances,  which  agree  ;  indeed,  inafmuch  as 
they  are  all  of  them  of  a  fubtle,  elaftic, 
tranfparent,  and  fluid  nature,  and  in  point 
of  fpecific  gravity  near  eight  hundred 
times  lighter  than  water ;  but  which,  in  a 
variety  of  other  refpects,  are  found  to  be 
very  different. 

CCLXXIX. 

Of  late  days  we  have  began  to  compre- 
hend, under  the  name  of  airs,  all  forts  of 
Jubilances,  which,  being  of  a  tranfparent, 
elaftic,  homogeneous,  fubtle,  light,  and 
fluid  nature,  retain  their  aerial  form  in  the 
greateff  cold  to  which  they  are  known  to 
have  been  expofed.  When  the  nature  of 
thefe  comes  to  be  thoroughly  known,  there 
can  be  little  doubt  but  that  they  may  all 
of  them  be  brought  under  one  or  another 
of  the  before-mentioned  divifions  [fee  161]; 
which  already  is  the  cafe  with  great  part 
of  them  [fee  from  308  to  342].  In  the 
mean  time,  there  will  be  a  convenience  in 

K  2  continuing 
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continuing  them  under  their  prefent  name, 
fmce  thereby  we  have  the  advantage  of 
placing  them  altogether  under  one  point 
of  view. 

I  "•  CCLXXX. 

Vapours  is  the  name  that  may  be  given 
to  all  thofe  elaftic  fluids,  which  lofe  by  cold 
their  aerial  form,  and  re-alTume  again  that 
which  belonged  to  them  before  the  heat, 
which  they  had  imbibed,  had  endued  them 
with  that  extraordinary  degree  of  fub- 
tlety  and  elasticity.  The  vapours  of  wa- 
ter are  condenfed  during  the  courfe  of 
their  refrigeration  into  drops,  which  con- 
fin:  of  water,  as  before.  The  fame  thing 
happens  with  regard  to  the  vapours  of 
other  fubftances. 

CCLXXXI. 

There  are  a  great  variety  of  different 
forts  of  vapours.  All  bodies  liquid  in  the 
heat  of  the  atmofphere,  may  be  brought 
into  fuch  a  flate ;  as  alio  all  folid  bodies, 

if 
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if  not  with  refpec"l  to  the  whole  of  their 
mafs,  at  leaff.  with  refpect  to  certain  parts 
of  it.  According  to  the  nature  of  the 
foil,  the  climate,  the  fitnation,  and  a  va- 
riety of  other  circumftances,  the  atmo- 
fphere  muft  therefore  become  a  kind  of 
place  of  rendezvous  for  a  multitude  of  dif- 
ferent vapours  j  which  not  only  give  oc- 
cafion  to  thaw,  rain,  hail,  and  fnow,  but 
alfo,  according  to  their  different  qualities 
and  mixtures,  to  the  feveral  forts  of  lights, 
explofions,  and  corufcations,  which  are 
wont  to  be  comprehended  under  the  gene- 
ral name  of  meteors. 


CCLXXXII. 


Setting  afide  vapours,  which  are  conti- 
nually varying,  as  well  in  point  of  quality 
as  quantity,  the  atmofphere  (as  far  as  we 
have  reafon  to  believe),  contains  every 
where,  and  at  all  times,  three  different 
kinds  of  aerial  fluids  ■>  viz.  pure  or  aphlo- 
giflic  air,  phlogiftionlod  air,  and  aerial 
acid ;  and  the  mixture,  compofed  of  all 

K  3  thefe 
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thefe  three,  may  go  under  the  name  of 

common  air. 


CCLXXXIII. 

At  the  furface  of  the  earth,  the  pure  air 
conftitutes  not  more  than  4,  or,  at  moft, 
not  more  than  a  third,  of  the  bulk  of  a 
given  quantity  of  common  air ;  at  the 
fame  time,  the  proportionable  quantity  of 
this  pure  air  is  undoubtedly  a  matter  of 
the  higheil  importance  to  every  thing  that 
breathes. 

CCLXXXIV. 

It  is  this  air  only  that  is  fit  for  ani- 
mals to  breathe  -y  and  which  is  fo  neceflary 
to  fire,  that,  without  it,  the  inflammation 
ceafes  in  a  moment. 

CCLXXXV. 

In  refpect  to  thefe  properties,  it  has 
nearly  eight  times  the  power  of  common 
air  [fee  226  to  228]. 


CCLXXXVI. 
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CCLXXXVI. 

The  nature  of  it,  as  to  what  concerns 
its  origination,  is  not  yet  determined. 
The  ftrong  propenfity  it  has  to  attract 
phlogrfton,  affords  ibme  reafon  for  fup- 
pofing  it  to  be  acidulous  ;  but  it  makes  no 
change  at  all  in  the  colour  of  the  tincture 
of  lacmus  [gutom  lacca\.  Notwithftand- 
ing  this,  it  contains  aerial  acid;  which 
may  be  precipitated  from  it,  as  well  by 
electricity,  as  by  other  proceffes  which  have 
the  effect  of  impregnating  it  with  phlo- 
gifton.  Hence  it  mould  feem,  that  aerial 
acid  forms  exactly  one  conftituent  part  of 
it ;  and  the  reft  muft  confequently  be  fome- 
thing  which  has  the  property  of  laying  hold 
of  an  acid,  and  entering  into  an  intimate 
union  with  it,  but  yet  has  a  ftill  ftronger 
attraction  for  phlogifton. 

CCLXXXVII. 

JBefides  that  portion  of  the  aerial  acid 
which  enters  into  the  internal  compofition 

K  4  of 
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of  pure  air,  there  is  alfo  always  found  in 
the  common  air  a  fmall  portion,  which  is 
free  and  uncombined  ;  but  which  feldom, 
however,  conftitutes  more  than  TV  part 
of  the  whole  bulk  of  common  air. 

CCLXXXVIII. 

This  loofe  portion  of  aerial  acid  is  eafily 
feparated  from  the  reft  of  the  air,  by  only 
making  it  pafs  through  a  lixivium  of 
cauftic  alkali,  or  lime-water.  It  is  alfo> 
by  means  of  this  acid,  that  fuch  lixivia, 
upon  being  expofed  to  the  open  air,  gra- 
dually become  milder  and  milder,  till  at 
length  they  cryftallize  j  and  that  lime-wa- 
ter alfo  comes  to  throw  up  the  pellicle 
[cremor  calcis]  on  its  furface. 

CCLXXXIX. 

The  aerial  acid  is  altogether  unfit  for 
refpiration,  infomuch  that  it  kills  animals 
inftantaneoufly,  putting  an  end,  at  the 
fame  time,  to  all  irritability,  even  to  that  of 
the  heart.    In  an  inftant  it  alfo  extin- 

guifhes 
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guifhes  fire.  Water  abforbs  it  to  fuch  a 
degree,  as  to  take  up  a  bulk  of  it  equal  to 
its  own,  and  is  thereby  rendered  acidulous, 

ccxc. 

The  third  and  remaining  portion  of  the 
common  air,  which  is  ftill  greater  than  both 
the  two  former  put  together,  is  altogether 
unfit,  as  well  for  refpiration  as  combuftion; 
and  is  moreover  not  abforbed  by  water. 

CCXCI. 

The  true  nature  and  compofition  of  this 
part  of  the  air  is  not  yet  determined  5  but 
fince  the  pure  air  is  entirely  fpoilt  and  ren- 
dered unfit,  as  well  for  further  refpiration 
as  for  combufrion,  by  having  been  breathed, 
by  having  been  made  fubfervient  to  the 
deftruclion  of  inflammable  fubflances  by 
fire  s  as-  alfo  by  having  received  the  effluvia 
of  bodies  in  the  flate  of  putrefaction,  and 
by  other  procefTes,  in  which  a  great  quan- 
tity of  phlogiflon  is  difengaged,  there  is 
great  reafon  to  look  upon  it  as  phlogifti- 

cated. 
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cated.  If  this  is  really  the  cafe,  thofe  who 
inhabited  the  globe  immediately  after  its 
creation,  mull:,  it  mould  feem,have  breathed 
a  much  purer  air  than  we  do  now,  when 
animals,  fires,  and  putrefactions,  &c.  have, 
for  fo  many  thoufand  years,  been  contri- 
buting to  its  depravation.  Might  not  this, 
perhaps,  be  the  caufe  of  the  longevity  of 
the  firft  inhabitants  of  our  globe  ? 

CCXCII. 

But  if  it  be  true,  that  the  quantity  of 
pure  air  is  thus  undergoing  a  continual  di- 
minution, it  mould  feem,  at  firft  fight, 
that  at  length  it  muft  be  fo  far  reduced, 
that  all  animals  muft  be  fuffocated,  and  all 
fires  extinguifhed.  Nature,  however,  has 
probably  made  fome  fort  of  provifion  for 
reftoring  and  purifying  depraved  air,  at 
lead  in  part.  It  has  been  fuppofed,  that 
this  might  be  effected  by  agitation  with  wa- 
ter, and  that  fuch  a  procefs  is  actually 
carried  on  in  the  large  way,  by  the  conti- 
nual motion  of  the  fea ;  and  further,  that 
5  vegetables, 
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vegetables,  in  growing,  feparate  and  ab- 
forb  the  depraving  matter.  This  important 
queftion  will,  it  is  to  be  hoped,  be  decided 
by  further  and  more  accurate  experiments. 

CCXCIII. 

Although  pure  air,  combined  with  a 
certain  quantity  of  phlogifton,  feems  to 
conftitute  the  fame  fort  of  noxious  fub- 
ftance  which  depraved  air  is ;  we  have, 
notwithstanding,  reafon  to  believe,  that  the 
matter  of  heat  (that  fubftance  which  is  fo 
indifpenfibly  neceffary  to  all  living  crea- 
tures) is  no  otherwife  produced  than  by 
the  union  of  pure  air  with  a  certain  dif- 
ferent proportion  of  phlogifton.  That  the 
fame  elements,  combined  in  different  man- 
ners, or  in  different  proportions,  may  pro- 
duce different  bodies,  is  already  pretty  well 
proved  in  various  iuftances. 

CCXCIV. 

It  is  alfo,  at  this  time,  by  a  multitude  of 
experiments,  put  out  of  doubt,  that  heat 

confifts  riot 
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con  A  merely  in  an  internal  motion 
taking  place  among  the  particles  of  the 
feveral  forts  of  fubflances  that  are  fufcep- 
tible  of  it.  It  is,  on  the  contrary,  a  fub- 
ftance  fui  generis^  a  particular  fubtle  kind 
of  fluid,  which  penetrates  or  pervades  all, 
even  the  denfeir.  bodies,  and  thereby,  ac- 
cording to  its  quantity,  produces  thofe 
particular  fenfations  in  animals,  which  are 
called  cold,  warmth,  and  heat. 

ccxcv. 

Fire  is  therefore  neither  more  nor  lefs 
than  that  ftate  of  inflammable  bodies,  in 
which  the  greater  part  of  the  phlogifton, 
which  enters  into  their  compofition,  is 
torn  away  by  means  of  the  pure  air,  with 
great  force  and  violence  from  thofe  parti- 
cles with  which  it  was  before  combined. 
This,  then,  is  the  way  in  which  a  great 
quantity  of  heat,  or  what  comes  to  the 
fame  thing,  what  we  call  fire,  mull  necef- 
farily  be  produced  [fee  293].  As  to  the 
flame,  it  is,  properly  fpeaking,  generated 

from 
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from  inflammable  air  [fee  298] ;  which, 
in  thefe  circumftances,  is  detached  from  all 
inflammable  bodies  in  great  quantity,  and 
very  readily  takes  fire. 

CCXCVI. 

As  to  the  light,  which  in  thefe  circum- 
ftances is  alfo  always  generated,  it  appears 
probable,  from  a  variety  of  experiments 
and  obfervations,  that  this  fubftance  is 
compofed  of  heat,  charged  with  a  certain 
over-proportion  of  phlogifton.  He  who 
confiders  in  what  different  forms  water 
fhows  itfelf  when  in  a  liquid  ftate,  and 
when  in  a  ftate  of  vapours,  and  that  owing 
to  no  other  caufe  than  the  different  quanti- 
ties of  heat  which  it  contains,  will  hardly 
pronounce  it  abfolutely  incredible,  that  a 
different  proportion  of  phlogifton  fhould 
convert  heat  into  light  j  although  he  mould 
not  yet  have  been  informed  of  the  reafons 
by  which  that  proportion  is  made  out. 


CCXCVII, 
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CCXCVII. 

Heat,  then,  being  a  fubftance,  is,  like 
other  fubftances,  fubjecl:  to  the  laws  of  at- 
traction. Accordingly,  when  it  is  prefent 
in  bodies  in  fuch  a  manner  as  to  form  a 
conftituent  part  of  them,  that  is,  to  be  in 
a  ftate  of  chemical  combination  with  the 
other  elements  of  which  they  are  compofed, 
the  power  which  it  has,  in  other  circum- 
flances,  of  exciting  the  fenfation  of  warmth, 
is  found  to  be  compleatly  mafked,  as  it 
were,  and  fufpended,  in  the  fame  manner 
as  the  characleriftic  properties  of  an  acid 
are  by  combination  with  an  alkali.  Hence 
it  comes,  that,  upon  the  decomposition  of 
fuch  bodies,  a  fenfible  heat  or  warmth  is 
produced :  the  matter  of  heat,  which  be- 
fore was  fixt,  being  now  difengaged  or  fet 
at  liberty,  by  a  more  powerful  attraction. 

CCXCVIII. 

Inflammable  air  is  the  name  given  to 
that  fort  of  air,  which,  upon  the  applica- 
tion 
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tion  of  a  body  in  a  flaming  ftate,  takes  fire 
immediately,  exhibiting  alfo  the  appear- 
ance of  a  flame.  When  a  bottle  is  filled 
perfectly  full  of  pure  inflammable  air,  the 
air  muft  be  fet  on  fire,  and  deflagrated  fe- 
veral  times,  before  it  is  entirely  confumed. 

CCXCIX. 

It  may  be  fet  on  fire  not  only  by  a  flame, 
which  never  fails,  but  alfo  by  a  burning 
coal,  by  a  red-hot  iron,  by  fparks  of  the 
electrical  kind,  and  by  fuch  as  are  produced 
by  the  collifion  of  a  flint  with  a  piece  of 
fteel.  Hence  it  is,  that  fmall  piftols  have 
been  loaded  with  inflammable  air,  and  then 
fired  by  electricity;  in  which  cafe  the 
fpark  need  not  be  flronger,  than  what  is 
fuffkient  to  fet  on  fire  fpirit  of  wine. 

ccc. 

If  common  air  be  mixed  with  inflam- 
mable, it  makes  a  report  in  burning,  and 
the  whole  goes  off  at  once. 

ccci; 
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CCCL 

Inflammable  air  mixed  with  nitrous  [fee 
321],  deflagrates  with  a  green  flame;  but 
with  aerial  acid  it  will  not  mix  at  all. 

CCCII. 

An  electrical  Ipark,  palling  through  in- 
flammable air,  appears  of  a  purplifh  red. 

CCCIII. 

Inflammable  air  is  obtained  from  all  the 
three  kingdoms  of  nature,  often  without 
any  other  procefs  than  the  application  of 
a  ftrong  fire  :  each  different  kingdom, 
however,  gives  a  different  fmell  to  the  air 
which  is  derived  from  it.  It  is  alfo  ob- 
tained from  certain  metals,  by  folution  in 
the  vitriolic  and  marine  acids.  It  turns 
filver  black. 


CCCIV. 
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CCCIV. 

The  fort  of  inflammable  air  which  is  af- 
forded by  organized  bodies,  is  diftinguilhed, 
by  certain  circumftances,  from  that  which 
is  obtained  from  fuch  as  are  not  organic. 
That  which  is  obtained  from  mineral  bo- 
dies, requires,  in  order  to  produce  the 
ftrongeft  report,  an  admixture  of  no  more 
than  y  of  its  bulk  of  common  air ;  and 
of  pure  air,  only  one  half:  in  which  laffc 
cafe,  the  report  is  from  forty  to  fifty  times 
as  loud  again  as  in  the  former  j  whereas 
that  which  is  produced  from  organic  bodies, 
requires  an  addition  from  ten  to  twelve 
times  its  bulk  of  common  air,  in  order  to 
deflagrate  at  once.  With  regard  to  the 
flame,  this  in  the  former  kind  of  inflammable 
air  is  of  a  red  caft,  in  the  latter  of  a  blue. 

cccv. 


In  marfhes,  ponds,  and  rivers,  where  the 
foil  underneath  contains  fubftances  in  a 

L  ftate 
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ftate  of  putrefaction,  fuch  an  air,  upon 
ftirring  the  ground  under  the  water,  will 
often  rife  in  fuch  a  quantity,  as  to  take  fire 
on  the  furface  of  the  water,  upon  the  ap- 
plication of  any  burning  body.  It  feems 
to  be  this  air,  that,  when  mixed  with  the 
refr.  of  the  atmofphere,  and  fet  on  fire  by 
the  electricity  of  the  clouds,  occaiions  the 
phenomena,  which  are  called  Will  o'  the 
wifps,  and  falling  ftars. 

CCCVI. 

Vegetables  grow  in  this  air,  but  the  in- 
flammability of  it  is  not  thereby  increafed. 
Animals  die  in  it ;  and  a  lighted  candle, 
when  plunged  below  the  furface  of  it, 
goes  out. 

'  CCCVII. 

The  nature  and  conftitution  of  it  is  not 
yet  found  out.  That  phlogifton  is  con- 
tained in  it,  there  can  hardly  be  any  doubt. 
That  it  alfo  contains  the  matter  of  heat, 
appears  from  the  fenfible  heat  detached 
5  from 
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from  it  when  deflagrated.  But  fince  in- 
flammable air  cannot  penetrate  through 
glafs,  as  heat  and  light  do,  there  muft  be 
fome  other  element  contained  in  it ;  unlefs 
it  be  fuppofed,  that  the  difference  in  ques- 
tion may  have  been  produced  by  fome  dif- 
ference in  point  of  proportion,  and  mode 
of  combination.  By  a  long  continued  agi- 
tation in  water,  we  are  told,  that  it  may 
be  rendered  fit  for  refpiration. 

CCCVIII. 

The  compofition  of  the  hepatic  air,  is  a 
little  better  known  to  us :  it  confifts  of 
fulphur,  which,  by  the  help  of  phlogifton, 
is  united  with  the  matter  of  heat.  And, 
that  thefe  are  its  real  conftituent  elements, 
may  be  demonirrated,  as  well  in  the  fyn- 
thetic  way,  as  in  the  analytic.  It  is  re- 
markable, that  fulphur  is,  in  this  cafe,  re- 
fined into  an  elaftic  invifible  fluid.  It 
turns  filver  black. 
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CCCIX. 

This  fort  of  air  is  obtained  not  only  from 
hepar  fulphuris,  by  applying  to  it  an  acid, 
but  alfo  from  fulphur,  when  melted  with 
iron  filings,  and  from  all  galenas.  Nature 
alfo  generates  it  in  many  places  in  confi- 
derable  Quantities :  for  it  is  found  in  fe- 

J. 

veral  mineral  waters,  fuch  as  thofe  at 
Aix-la-Chapelle,  &c. 

cccx. 

The  marine  acid,  Owing  to  the  fmall 
attraction  it  has  for  phlogifron,  is  the  fit- 
teft  to  produce  this  air ;  on  the  other  hand, 
nitrous  acid,  is,  for  the  oppofite  reafon, 
the  unfitteft :  fince  it  attracts  the  phlo- 
gifton  fo  ftrohgly,  as  not  to  let  any  of  it 
efcape,  fo  as  to  ferve  for  uniting  the  ful- 
phur with  the  matter  of  heat ;  it  even  de- 
ftroys  that  union  when  already  formed, 
and  thereby  arTords  a  means  of  feparating 
the  fulphur  irom  hepatic  waters. 


cccxr. 
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CCCXI. 

Diftilled  water  abforbs  a  little  more  than 
half  its  bulk  of  hepatic  air,  and  thereby 
contracts  the  fame  dilagreeable  tafte  and 
fmell,  as  that  elaftic  fluid  itfelf  poffelfes. 

CCCXII.  .; 

This  air  extinguiflies  a  burning  candle 
when  plunged  into  it ;  but,  when  ~  of  its 
bulk  of  common  air  is  added  to  it,  the 
mixture  may  be  fet  on  fire  :  in  which  cafe 
a  fulphureous  powder  precipitates  from  it, 
and  a  fmell  of  phlogifticated  vitriolic  acid 
may  be  perceived. 

CCCXIII.  i 

Means  have  alfo  been  found  to  bring  fe- 
veral  of  the  firnple  falls  into  the  form  of 
air :  to  wit,  the  vitriolic,  the  nitrous,  the 
marine,  that  of  fpar,  and  the  r^etous  acids, 
as  alfo  the  volatile  alkali  5  ana  to  each  of 
thefe  we  mall  give  a  feparate  confideration. 
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CCCXIV. 

The  vitriolic  acid  may,  even  when  pure, 
be  brought  by  heat  into  the  form  of  va- 
pours i  but  thefe,  upon  cooling,  lofe  their 
elarticity  again,  and  run  into  a  fluid  as  be- 
fore. By  this  means,  therefore,  nothing 
is  gained  j  upon  adding,  however,  any 
fubflance  which  contains  phlogifton,  the 
bufinefs  is  done  very  eafily.  The  air  thus 
obtained  is  called  the  acid  vitriolic  air. 

cccxv. 

This  elaftic  fluid  muft  not  be  made  to 
pafs  through  water  :  for  if  it  be,  it  unites 
with  it  immediately,  forming  with  it  a 
phlogifticated  vitriolic  acid  :  but  if  col- 
lected in  velfels  filled  with  quickfilver,  it 
retains  its  form,  even  in  the  greateft  degree 
of  cold. 

CCCXVI. 

This  fluid  has  a  ftrong  attraction  to  wa- 
ter, and  thence  alfo  ice  diflblves  in  it  in  a 

moment } 
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moment  3  and  in  the  fame  manner  it  alfo 
converts  camphire  into  a  fluid  oil. 

CCCXVII. 

When  an  eleclric  fpark  is  tranfmitte^ 
through  this  air,  the  infide  of  the  glafs  be- 
comes covered^gg^vhere  with  a  black 
ftain ;  which  is  the  thicker,  the  oftener  the 
experiment  is  repeated. 

cccxvin. 

Candles  are  extinguifhed,  and  animals 
die  in  it. 

CCCXIX. 

t  I 

This  vitriolic  air  is  nothing  more  than 
vitriolic  acid,  which  is  deprived  of  its  re- 
dundant water,  and  is  united,  not  only 
with  phlogifton,  but  with  the  matter  of 
heat.  Means,  however,  have  not  yet  been 
found  of  charging  it  with  phlogifton  in 
fuch  a  manner,  as  to  mafk  its  acid  proper- 
ties altogether.   Thefe  properties,  however, 

L  4  are 
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are  remarkably  weak,  and  it  according1  y 
gives  place  as  well  to  the  nitrous  acid,  as 
to  the  marine. 

cccxx. 

4 

The  nitrous  acid  is  remarkably  greedy  of 
phlogifton,  and  OM^tiBphr  forms  with  it, 
utb  the  different  proportions  in  which  the 
two  ingredients  may  be  united,  various 
compounds :  among  which  we  fhall,  in 
this  place,  fpeak  of  thofe  only,  which  ap- 
pear in  the  form  of  an  elaftic  fluid,  conti- 
nuing Rich  in  the  cold. 

CCCXXI. 

When  nitrous  acid  is  applied  to  a  body 
•which  contains  phlogifton,  there  arifes 
from  it,  often  without  the  help  of  the  leaft 
external  heat,  an  elaftic  fluid,  which  may 
alio  be  collected  in  water  as  well  as  quick- 
filver,  and  which  is  commonly  called  Ni- 
trous air. 
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OCCXXII. 

Water  abforbs  a  certain  proportion  of 
it,  and  alio  by  degrees  decompofes  a  part 
of  it,  when  they  are  kept  Handing  in  con- 
tact with  one  another  for  a  considerable 
length  of  time. 

CCCXXIII. 

The  acid  which  enters  into  the  compo- 
fition  of  nitrous  air  is,  in  that  cafe,  fo 
perfectly  faturated  with  phlogifton,  that  it 
cannot  fo  much  as  give  a  colour  to  lacmus. 

CCCXXIV. 

Animals  as  well  as  vegetables,  die  in 
this  air.  A  candle  alio  is  extinguished  in 
it :  but,  when  it  contains  a  redundant 
proportion  of  phlogifton,  over  and  above 
what  is  neceftary  for  the  fatu ration  of  the 
acid,  the  flame  grows  much  larger,  and 
becomes  a  little  grecnim,  before  the  candle 
goes  out. '   This  fuperfaturation  may  be 

prouuced, 
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produced,  either  by  letting  the  air  ftand 
upon  iron-filings,  or  by  taking  the  electric 
fpark  in  it. 

cccxxv. 

This  air  reftfts  putrefaction,  and  that  in 
a  much  greater  degree  than  the  aerial  acid 
does. 

CCCXXVI. 

But  the  moft  remarkable  circumflance 
belonging  to  this  air,  is  the  appearance  it 
exhibits  with  pure  air  [Tee  283] :  the  attrac- 
tion of  which  for  phlogifton  is  fo  power- 
ful, that  it  takes  it  away,  in  this  cafe,  even 
from  nitrous  air  5  which  then  becomes 
common  nitrous  acid  as  before.  During 
the  commixture  of  thefe  two  airs,  a  quan- 
tity of  fenfible  heat  is  let  loofe  throughout 
the  whole  mafs,  a  reddifh  brown  colour  is 
produced,  and  the  mm  of  the  fpaces  oc- 
cupied by  both  becomes  much  fmaller  than 
it  was  before.  A  given  meafure  of  pure 
air  can  even  abforb  three  times  its  own 

bulk 
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bulk  of  nitrous  air,  before  the  fpace  it  oc^ 
cupies  can  be  feen  to  be  much  augmented. 

CCCXXVII. 

Common  air,  as  it  contains  a  portion  of 
pure  air,  and  by  that  means  alone  is  enabled 
to  fupport  combuftion  and  refpiration, 
exhibits  accordingly,  with  nitrous  air,  a 
fimilar  appearance,  although  in  a  lefs  de- 
gree [fee  326].  Indeed,  common  air  can- 
not, in  general,  abforb  more  than  half  its 
bulk,  without  evidently  occupying  a  larger 
fpace  than  it  did  before. 

CCCXXVIII. 

In  none  of  the  kinds  of  air  which  are 
unfit  for  refpiration,  is  either  the  red  co- 
lour, or  the  diminution  of  fpace,  exhi- 
bited :  confequently,  the  nitrous  air  affords 
us  an  excellent  means  of  judging  of  the 
purity  of  the  [atmofpheric]  air.  It  is  al- 
ways the  purer,  the  greater  the  change  is 
which  it  exhibits,  upon  being  mixed  with 
nitrous  air:  and  on  this  circumifance  is 

grounded 
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grounded  the  invention  of  the  feveral  forts 
of  Eudiometers  [fee  51]. 

CCCXXIX. 

When  concentrated  vitriolic  acid  is  ap- 
plied to  common  fait,  a  kind  of  air  is  de- 
tached, which,  if  collected  by  means  of 
quickfilver,  remains  unaltered  j  but  which 
is  inftantly  abforbed  by  water,  to  which  it 
attaches  itfclf  in  the  form  of  common  ma- 
rine acid.  This  air  is  commonly  called 
Marine  acid  air,  and  the  marks  it  gives  of 
its  acidity  are  very  evident. 

ccexxx. 

Like  the  vitriolic  acid,  it  diflblves  ice 
and  camphire ;  flame  is  extinguifhed  by  it, 
appearing  blue  at  the  initant  of  its  eva- 
nefcence. 

CCCXXXI. 

Electrical  mocks  tranfmitted  through  it 
diminifn  the  bulk  of  it  a  little  ;  but  not- 
withstanding 
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withftanding  this,  the  greateft  part  of  it 
is  afterwards  abforbed  by  water. 

CCCXXXII. 

As  neither  the  pure  vitriolic  acid  nor 
the  nitrous  can  be  brought  into  the  form 
of  a  permanent  air,  without  the  addition 
of  phlogifton,  at  the  lame  time  that  the 
cafe  is  otherwife  with  the  marine  acid ; 
this  circumftance  inclines  one  to  fuppofe, 
that  phlogifton  may  be  an  effential  confti- 
tuent  part  of  it :  a  fact  which  is  alfo  in- 
dicated by  other  obfervations. 

CCCXXXIII. 

The  marine  acid  may  be  deprived  of  its 
phlogifton,  as  well  by  nitrous  acid  as  by 
manganefe.  It  mows  itfelf  in  this  ftate  in 
the  form  of  a  reddifh  brown  air,  without 
any  acidity,  and  without  any  particular 
inclination  to  unite  with  water,  &c.  In 
this  ftate  it  is  called  dephlogifticated  ma- 
rine acid.  By  the  re-addition  of  phlo- 
gifton, 
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gifton,  it  may  be  made  to  reafTume  all  the 
properties  of  common  marine  acid. 

CCCXXXIV. 

From  the  fparry  fluor,  by  means  of  the 
vitriolic  acid,  may  be  expelled  an  air  a 
good  deal  fimilar  to  that  which  is  obtained 
from  the  vitriolic  acid  itfelf  -y  but  this 
fparry  acid  air  has  not  yet  been  fufriciently 
examined. 

cccxxxv. 

Vinegar,  when  ftrongly  concentrated, 
yields,  by  mere  boiling,  an  acid  air,  which 
muft  be  collected  by  means  of  quickfilver, 
being  immediately  abforbed  by  water  :  it 
is  called  acetous  air. 

CCCXXXVI. 

Oil  abforbs  it  greedily,  to  the  amount 
even  of  ten  times  its  own  bulk.  The  oil 
becomes  thereby  thinner  as  well  as  whiter, 
which  is  juft  the  reverfe  of  the  effect  pro- 
duced on  it  by  the  mineral  acids;  thefe 

giving 
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giving  it  colour,  and  rendering  it  more 
tenacious  than  before. 

CCCXXXVII. 

The  aerial  acid  bears  a  refemblance,  in 
feveral  refpects,  to  the  airs  obtained  from 
the  acids  mentioned  above  [fee  from  314 
to  336]  5  but,  on  the  other  hand,  it  is  not 
fo  quickly  abforbed  by  water,  and  it  preci- 
pitates the  lime  from  lime-water;  not  to 
mention  various  other  properties  by  which 
it  differs  from  them.  In  the  mean  time, 
to  judge  from  analogy,  it  feems  very  pro- 
bable, that  phlogifton  is  one  conftituent 
part  of  it  [fee  332].  But,  although  this 
fact  fhould  be  put  out  of  doubt  by  experi- 
ments, it  would  be  no  proof,  but  that  this 
may  be  as  much  an  air  fui  generis,  as  any 
other.  Phlogifton  may,  in  the  molt,  evi- 
dent manner,  be  feparated  from  marine 
acid ;  and  the  fact  of  their  union  may  be 
demonftrated,  as  well  by  fynthelis  as  by 
analyfis,  which  is  more  than  hath  as  yet 
ever  been  done  with  regard  to  the  aerial 

acid. 
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acid.  Notwithftanding  this,  it  never  furely 
entered  into  the  head  of  any  one,  to  refufe 
to  thefirfr-mentioned  fubftance  its  peculiar 
place  among  the  real  acids. 

CCCXXXVIIL 

From  cauftic  volatile  alkali  may  alfo  be 
obtained  a  kind  of  air  by  heat  alone.  This 
alkaline  air  mult  be  collected  by  means  of 
quickfilver  j  for  it  is  abforbed  by  water, 
and  is  then  not  to  be  diftinguifhcd  from  a 
common  alkaline  folution. 

CCCXXXIX. 

When  this  air  is  applied  to  any  of  the 
acid  kinds  of  air,  the  compound  becomes 
vifible  in  the  form  of  a  cloud,  which  after- 
wards concretes  into  faline  cry  rials,  which 
are  in  the  nature  of  fo  many  ammoniacal 
falts,  according  to  the  fpccies  of  the  acid. 
Nitrous  and  inflammable  airs  give  but  fmall 
figns  of  being  affected  by  it  j  upon  receiv- 
ing it,  however,  with  either  of  thofe  airs, 
fomething  like  a  precipitation  may  be  feen. 

CCCXL. 
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cccxl. 

A  candle  is  extinguifhed  in  it $  but  at 
the  moment  of  extinction  the  flame  is  en- 
larged, and  becomes  yellowifh. 

CCCXLL 

Ice  melts  in  it  very  quickly,  but  oils  do 
not  abforb  it. 

CCCXLII. 

When  electrical  mocks  are  tranfmitted 
through  it,  the  fpace  it  occupies  is  increafed 
by  every  fhock.  In  this  cafe,  in  proportion 
to  the  augmentation  made  in  its  bulk,  its 
inflammability  is  encreafed,  and  its  difpofi- 
tion  to  be  abforbed  by  water  is  diminimed. 

CCCXLIIL 


When  all  the  feveral  above-mentioned 
fubftances  are  thoroughly  known,  in  regard 

M  to 
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to  their  compofition,  then,  and  not  till 
then,  will  it  be  time  to  form  juft  ideas  re- 
fpecling  the  elements  themfelves;  and  to 
attempt  to  give  an  anfwer  to  the  queftion, 
whether  all  things  are  created  out  of  one 
fmgle  element,  or  out  of  two,  or  other  fmall 
and  determinate  number  of  elements  ? 
With  refpect  to  this,  it  may  be  worth 
while  to  obferve,  that  becaufe  fuch  or  fuch 
a  method  appears  to  us,  when  confidering 
it  with  reference  to  our  own  power,  the 
eafieft  to  purfue,  we  are  not  to  conclude 
that  this  muft  necefTarily  be  the  method, 
of  all  others,  that  nature  has  actually  pur- 
fued.    Our  bufmefs  is,  in  the  firft  place, 
to  make  fure  of  underftanding  the  nature 
of  bodies  as  they  are;  and  then  it  will  be 
time  enough  to  fet  about  enquiring  from 
whence   they   may  have   derived  their 
origin. 

With  Newton,  then  let  us  learn  to  af- 
cend,  by  ex  periments  andobfervations,  from 
the  phenomena  to  their  real  caufes ;  and 
not,  with  Des  Cartes,  defcend  from  fancied 

caufes 
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caufes  to  the  phenomena ;  which,  in  that 
cafe,  muft  always  be  tampered  with  and 
diftorted,  in  order  to  force  them  into  a 
coincidence  with  the  preconceived  hypo- 
thefts. 


THE  END. 


ERRATA. 


Page  18,  Line  15,  for  proportion,  read  proportion. 

p.  40,  1.  7  and  9,  for  it,  read  they. 

p.  69,  !•  IO,  for  opipeiary,  read  opijiciary. 

p.  74,  1.  15,  for  experiment ,  read  experience. 

p.  133,  1-  21,  for  phlogijiicated  air,  read  foul  air. 

p.  139,  laft  line,  read  conjijis  not. 

p.  152,  I.  5,  for  accordingly  forms  'with  it,  read  forms 
it  according,  fcf r . 


